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PREFACE TO THE FIRST EDITION 


Nowadays Statistics has become an important subject 
and commands its application in almost every science 

This book ha« been written with a view to supply 
practical knowledge of the commonly used statistical*' 
methods to the beginner although it docs not claim to be 
a detailed treatise on Statistics 

The methods have been clearly explained and illus- 
trated with examples 

This book covers the syllabuses m Statistics of the 
various examinations of the Punjab University, such as 
B A (Hons m Economics) M A B Sc and M Sc (Agn 
culturel and Commerce Examinations 

I hope this book will prove to be useful for 
(1) Statistical workers in general 
f2) Students of the Punjab and other Universities 
'3) Persons preparing for competitive exami- 
nations 

A good number of Exercises have been given at the 
end of each Chapter with ansu-en for practice 

Books given in the Bibliography at the end 
have been consulted in prcpaimg this book The 
Exercises have been mostly taken from various examina- 
tions, such as competitive examinations, examinations of 
the Universities Commerce examinations (Hailey College}, 
&lass tests etc 

* The authar will be obliged for suggessions for the 
improvement of the book 

Department of Statistics. 

University of the Panjah. M ZIA-UD-DIN 

Lahore 

10th November 1943 



PREFACE TO THE SECOND EDITION 


The first edition of Practical Statistics was finished 
very soon and the demand for the book has been great 
The book has been si ell appreciated by Professors 
Government officials students and the public interested 
in Statistics 

The second edition is revised and enlarged The 
theory (economic as ^ell as mathemaiicall has been 
added and the book is brought up to date The ftesb 
additions arc mathematical theory of interpolation 
summary of Bowley Robertson -report list of statistical 
publications in India detailed form of Questionnaire 
mathematical proofs of theorems on probability and 
moments and Panjab University Question Papers ^or 
1946 (Questions ftotn ocher Universities and Com 
petitive erammauons are given in the Exercises) 

In the Panjab University Statistics forms a subject 
for (1) Postgraduate certificate in Statistics examination 
(2) M Com etatiunatton and a paper for M A 
(Mathematics) MA (Economics) M3c (Agriculture) 
B Com BA (Hons Econ / and B A (Mathematics 
B Course) This book be found useful foe all the 
exammations m Statistics 

I am thankful to Profes'mrs and 'tudent'- lor their 
kind suggestions 

Department of Scatisbcs 
Panjab University 
Lahore 

2nd September 1946 


ZIA UD DIN 
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CHAt'lt.R 

INTRODUCTIONX^--„^j^f^^ 
Definition, Characteristics and Importance of Statistics 
The word Statistjcs is used lo the plural as well as 
in the singular sense Stati stics in the plural are numerical 
facts systematically collected with some definite object in view 
in any Held of inquiryTwnatsoever, of observation or exper’ 
meDt.'~ Tor example (cg) Statistics of, population, births 
and deaths, height and weight, income and expenditure 
imports and exports, crimes, morals, rainfall and temperature 
Hallway passengers 

Mere figures 60, 62, 65, 68, 70—are not statistics tl 
they are figures, but 60 seers, 62, 65, 68. 70 -seers, 
weight of a class of students, will form statistics 

The fuodameatal characteristics are . — 

(1) Statistics should be expressed quantitatively. Quail 
tative WQrdi*^ike go^, fair, poor, young, healthy, wii' 
not be called statistics 

(2) Statistics are aggregates that is made np cf a numbei 
of ipd ividaals or ca^ \ single sale, accident or birtl 
will not constitute statistics. 

(31 Statistics must be prepared in a systematic manner 
keeping the given purpose or object id view as clear ant 
definite as possible 

(4) Statistics are related to other facts, and should b> 
homogeneous and comparable. 

Statistical Method is a technique used to obtain, analyse 
snmmatise, compare and present the nomerical data (orstatis 
tics). „ ‘ 
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Statistical methods consist of general rules, principles, 
graphical representation and formulas applicable to all types 
of data 

Statistics in the singular is a science which investigates 
the statistical methods and deals with their applications 
Statistics deals with (l) populations or aggregates of indi* 
viduals, (2) Variations in population, (3) Reduction of bulky 
and incomprehensive data 

Like all other sciences, stat.stics can be classified as 
(l) pure statistics, (2) applied statistics 

Pure statistics or theoretical statistics is mathematical 
and deals with general theories, formnlse, equations and their 
derivation 

Applied statistics deals with the application cf statistical 
methods to concrete subject matter, such as, measurement 
of ecoanoLtc, commetctai, social, agricultural, industriali 
scientific and mental pbenom'Da, messurement of living or 
ganisms, study of vital and population movements and actuarial 
principles 

Statistics plays an important part in every walk of life 
and has proved to be extremely useful in almost every line 
of scientific and economic inquiry 

Economists, businessmen, industrial concernb, bankers, 
edncatioDists, scientists, astronomers, navigators, insurance 
companies, railway traffic managements, public bodies, govern- 
ment's departments of public health, meterology, agriculture, 
I industries, commerce, food, labour, post war reconstrucfioa 
and planning, are largely benefited bv the use of statistics 
and need statisticians 
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Limitations 

Statistical method which is the only means for handling 
large masses of au-n’ocal data, is limited in its app'icatian 
to data which are redj'ible to quantitative form Statistical 
law3_are true on the average and m the long run and 
do not study the mdivtdaal cnnstitation of a group They 
show approximate tendencies and estimates and they can 
be u^ed even when etoeritn ‘Olal methods fail. Statistical 
methods should he iat»lligently and carefully used as their 
misuse may lead to ridicnloui and unsatisfactory results. 
Fallacious concluaions will follow if the data supplied for 
Statistical investigatUQ are incomplete, unreliable and based 
on prejudiced coUecttoo and lo such cases science of statistics 
IS not to be blamed at all 

of Dsts 

The followiog methods may be conveniently used -to 
have a collection of statistical facts for an mcjuiry. These, 
collected statistics should be as far as possible, reliable,^ 
accurate, clear, without ambiguity, unbiassed, comprehen- 
sive and complete for statistical investigations. 

The unit of mvestigitioo determined shonld be dehnite,' 
•Specific, homogeneous and stable. 

The methods of collection may be briefly mentioned 
as * Method of 

(0 Direct personal investigation or interview method.; 

(2) Indirect investigation; through correspondence* 
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(3) Sampling or representative data Sampling may 

be — 

(») deliberate or purposive, (*0 random, (»i») strati- 
fied . Sampling is described m detail later on 
(Chapter XI) 

( 4 ) Questionnaires, ((or specimen see Appendix) 

(5) Investigation on the basis of government paWications, 
reports of the different departments of governments and 
states, gazettes, budgets, reports of banks and commercial 
concerns, research publications, trade and census reports and 
such other published documents. 

Classification and Tabulation 

After collection of data, the data should be classified and 
placed ID a tabulated form, as described belom 

Vartatis —Any character which can vary in quality 
of ID magnitude is called a variate, thus age, height, occu> 
pation, income, colour o( the bair and exammation marks 
are variates Some variates are measurable or quantitative, 
others are categoric or qualitative Age and income are quanti 
tative variaties, colour of tbe hair and occnpation, are 
categoric or qualitative, as they cannot be measured numeri- 
cally 

Classificalion may be made on cither of the *our 
bases • 

(l) Quaftialwe — When the basis of distinction rests 
upon the differences in qnality or condition An analysis 
of sales by reference to the kind of goods sold involves 
qualitative distinction 
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(2) QMaK/i<a/ive, i.e.> difTerences being in quactitj. An 
analysis of sales according to differences m weight, volume or 
value of the goods involved in each transaction would be 
quantitative 

^3^ Te»M/>orfll,— involving the time at which the objects 
in question were measured, or the events in question oc'' ^ 
An ana ysis of annual sales by w^eks and months wilt mvol 
temporal classification. 

(4) Spofliaf or geographtcal —Referring to the distn 
button of Items in space or according to ‘ 

locatiou, e g annual sales by geographical areas and places. 

Classification may be simple and manifold. It 
be based on attributes or characteristics to respect ot 
wbii.b some are similar, and others dissimilar 

ClassificatioQ according to one attribute, eg, deaf 
not deaf, blind, not blind, in which each class is diMdec 
into two sab'Classes and no more, is said to be simplej 
If more than one attribute is noted, classification maj 
be carried further giving rise to sjveral classes and sub 
classes bucb a classification will be called manifold classi 

fication 

Class intervals and frequencies — Consider the fol 
lowing marks awarded out of 50, obtained by 30 students 

3, 5, 8, 15. 25, 30, 16, 7, 35, 40, 49, 40, 30. 15. 14, 21, 23 ' 
22. 25, 27, 29, 32, 15. 1, 8. 9, U, 14, 42, 43. 

The data obtained as a result of observation o 
experiment in the original form are called ‘ ungrouped data 
When tbe data are split into groups or classes, they ar 
Cl lied grouped data. Tbs masks given above, form an 
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grouped d&ta. These marks can be foiraed into groups or 
classes by hrst airacgmg them m ascending or descending 
order, as 

1, 3. 5, 7, 8, 8. 9, n 14, 14,15, 15, 15, 16, 21, 22, 23, 25, 
25, 27, 29, 30, 30, 32, 35, 40, 40. 42. 43, 49. 

Snch an arrangemeut m a'cending or de^cendicg erder is 
called an array 

The data can be classified into groups as 
Moris Numhir oj Markt Number of 

Students. Siudenis. 

I— 5 3 31—35 2 

6—10 4 36—40 2 

II— 15 6 41-45 2 

16—20 1 

21—23 5 

26—30 4 

In the fitst group, 1 and S art the class limits , 1 is 

Bid to be the lower limit and S, (be upper limit In each 
roup, 5 marks have keen cconted, so 5 is said to be the 
class interval *■ or the tnagoitode ol the class*irtetval of the 
roup. The number of stvdents securing grouped mark«, 
gainst each group, is called the frequency of *the class 
iterval or of the group The frequency *of a variate 
1 the number of times it occurs. The data can al'o be 
lassified with 10 as class interval, counting the upper limit id 
be next group, as follows 

C/uss intervale Frequencies. 

0—10 7 

10—20 7 

20—30 7 

30—40 4 

40—50 c 


46—50 1 

30 


30 
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The total cumber of fregaeocies is 30, acd the upper 
limits IS counted m the sacceediog group 

Some people write the classificatiou, to avoid ambi* 
gmty, as 

0 and under 10 7 

10 „ 20 7 

20 „ 30 7 

30 „ „ 40 4 

40 „ „ 50 5 

The classification is, sometimes, written m the reverse 
Order, taking the last group as first and so on 

The following points may be kept id mind while classi* 

1 Class limits must be fined with reference to the\ 
accuracy of the obsetvattoo. ‘ 

2, Suitable class intervals should be kept according 
to the size of the data It should not be so large as to make 
the grouped data, look very small, neither so small as to 
make it look unwieldy. The difterence between the greatest 
and the least value of tbe data may be divided by th* 
numb“r of coD\eDiently'Sized groups to obtain approximately ' 
the cla«s interval As far as po^^sible, attempt should be made ; 
to have the class limits as integers and the class laterval.j 
itself also a whole number, to facilitate tbe application 
of further statistical methods. 

3. Tbe class intervals should be nniform ac far as 
possible 
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4. There should not be mdeterminate classes, that is 
the classes, the intervals ol which are not defined, unless un 
avoidable, e g , 

Age Age 

Under 5 10 — 20 

5— '10 >bove 20 

Here the first and last classes are indeterminate 

5. For a fairly large data, the possible groups can be 
between 10 and 2d 

Statistical Series 

In order to aoalise numerical data, it is necessary to 
irrasge them systematically An arrangement of the data 
n a systematic order is called a distribution or series 
i ;t th e data be grouped accocdiae to magnitude of size, the 
I eriea formed is a frequency distribution, consisting ot class 
, ntervals and frequencies 

Data grouped according to the time of occurence, form 
I Time or H^stor^LSencs 

If Data are grouped according to the geographic location, 
be resulting series is a spatial distribution 

Continuous and discrete series A variate is said to be 
ontiQuous when it passes from one value to the next by 
ndefinitely small gradations, eg, height and weight, where 
ve can have differences of small fractions A variate is 

laid to be discrete (or Integra! or discontinuous) when there 

TO gaps between one value and the next, e g , the number 
i childreu m a family, for families differ in size by one 
r more integers and not by fractions Continnous tanates 
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•will form a continuous series and discrete variates 
discrete senes 

Tabulation --The classified data should be placed m 
form of Tables with rows and columns Tabulation is si 
and manifold or complex, accofdmg as classification is 
simple and manifold form A frequency distribution 
a frequency table The following general rules are to b 
kept in mind for tabulation 

1. First make out a rough draft, but the tables dra 
should be accurate, attractive, neat and tidy 

2. Avoid complicated tables Information of a 1 
degree of complexity should be broken up into sections 

3. The title should coustitute a clean, concise am 
complete description of the material assembled id the table t 

4. Headings of tbe columns and rows should be concis^ 

and without any ambiguity i 

' 5. Columns and rows may be numbered to facilitai 
reference to the table. 

6. The table should constitute a unit, self-sulficient an 

self'explanatoty All explauatiou necessary for the interpr* 
tation of tbe table should be included as integral part ( 
the table or in the form of foot'ootes * 

7. The tables should be so constructed as to be east 
read and understood, Its figures easily compared, and followi 
without unnecessary waste either of time or thought 

Tbe convenience of the person who needs tbe tab 
m^y also be consnlted, and tbe sources of tbe data shou i 
be given. 
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8 Card system and mechanical system of tabulation may* 
be used when sncb a machinery is available 

Nowadays Machines exist for tabulating as well as calcu~ 
ating purposes 

errors * 

The divergence between the actual number and the 
stimate which is made either by approximation or by any 
tber method, is called an Error (it is not a mistake) Errors 
re absolute, relative, Biassed and unbiassed Statis 
teal errors may be due *o incomplete and prejudiced 
'iformaiiQn, in adequate sampling and in exact manipulation., 
f X represents the estimate, y, the true value, then tb» 
^solute error e is y — x, 

ad the relative error is — I or if the true value is taken I 
* I y J 

If a quantity is sncb that its errors, are all in the same 
rectiOD, the error is said to be biassed The greater 
B number of items the greater the error, that is why 
assed error is also called cumulative error If a quantity 
such that Its errors tend to neutralise one another, the 
ror is said to be unbiassed or compensating Two important 
atistical errors namely standard error and probable error are 
scribed later on 



CHAPTER II 

MEASURES OF CENTRAL TENDENCY 
OR AVERAGES 

The fundamental measures of^ntraHendency or averages 
are — (l) Arithmetic Mean or Anthmetic average or simply 
Mean, (2) Median, and Qnartiles, 13) Mode, (4) Geometric 
Mean, (5j Harmonic Mean, (6) Weighted average. 

In this chapter we shall deal with tl) and (2). 

The Arithmetic Mean is calculated as follows — » 

(i) For ungrouped data, add all the given items and divide 
the sum by the number of items, e g. The Mean of Rs. 10, 

20 and 30 nill he i°+?|+^ = 20 Ks. 

This IS the simple Arithmetic average. 

(it) /direct Method for grouped data, t.e, when class 
intervals and frequencies are given. The formula is : Mean 
where 2/* is the sum of the products of the j 


Central or middle or mean values of the groups and their [ 
corresponding frequencies, « is the total number of fre. ‘ 
quenctes“2/. The symbol 2 is used for summation. S is | 
also used in place of 2 (sigma) 


Example. — Weekly 
vages (Rs. 5 internal) 
Rs 1—5 
6— iO 
n— 15 
16—20 
21—25 
26—30 
31—35 
36— *10 
41—45 
. . 46—50 


Central No. of employees 
Values X or frequencies. 

3 


’3 — 


43 

48 


76 

86 

48 
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Here 2/a: = 640. «*®30, Mean= 3*0° ®*2l| Rs 

(i»i) Shortcut method — Taka any Mean to be called 
a Provisional Mean, or Assumed Moan or Arbitrary ongiP i 
and find the deviations (differences) of the central values 
from the Provisional Mean The formula for Arithmetic 
Mean u then 

Arithmetic Maan= Provisional Mean4- 

n 

ivhere d, denot<*s the deviations of the middle values from the 
Provisional Mean Let us work out the above example by 
taking 13 as the Provisional Mean 
X f d fXd 
3 3 -10 -30 

8 4-5 -20 

13 6 0 0 Arithmetic Mean 

18 1 5 5 «l3+W-2li 

23 5 10 50 This gives the average wage 

28 4 15 60 The same result as by 

33 2 20 40 direct method 

38 2 25 50 

^3 2 30 60 

48 1 35 35 

30 250 

Any Provisional Mean may be taken, but as a coo- 
enlion, the m iddle value corresponding to the maximom 
requcncy in the given distribution is to be taken as a 
W.iioMl Mtan. Tbe short cot oiothod proves more 
S^ful io cose o! » Urge dat», or i! there are decimals, thaa 
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the diiect method For the sake of conveoiecce, to avoidt 
heavy moltiplication, the magmtiide of the cla'S interval may 
be taken common out of the deviations In the above example 
5 can be taken out common m column d, and then multiplied 
at the end by S / X rf, so formed 

Advantages oj Arithmetic Mean — (1) The Arithmetic 
average IS the most commonly used average (2) It is easily 
calcntated and understood and is the most generally recogn sed ; 
type of average (3l It utilises all the data id the groups 


Disadvantage — Its value may be greatly distorted by ibe 
extreme values and, therefore, sometimes it may not be typical 
Mediari Quartiles, Deciles and Percentiles — Ccn«id 
an ungrouped data arranged m ascending or descending 
order, t e an arrayed data The middlie item of the array is 
called the Median It is the central item which has as many 
Items preceding as succeeding it When the number of 
items IS odd, the median can b* easily located eg li 
there are eleven items, the median will be lepresentec 
by the 6tb item (five items preceding and five, following 
itl If n IS the number of items, the median will hr 
th Item When the number of items is even, then 

will be two central values and^-^ +1 ^ tb, item' 


either of them can be taken as Median and the Mea 
of these two central values may be taken as the Media 
Value 


i 


For gionped data, t e , for a fregnency dislnbuticn, t^ 
Median is calculated with the help of the fotmula 
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Median ® ) 


Where « 


the total number of 


frequencies,— the median nnmber which will lie m a group 

whose lower limit Is 2 , t is the class interval of the Median 
group i.e., in which the nsedian ties, and / its corresponding 
frequency, c denotes the cumulative frequency of the group 
lireceding the Median group. 


Example . — Let us work the median for the previous 


example. 

Groups. 

Frequeuctet 

Cumulatxve 

1-S 

3 

Frequeixetes. 

3 

6—10 

4 

7 »e. (3+4) 

11—15 

6 

Ute (7+6) 

16—20 

1 

Hie (13 + 1) 

21—25 

5 

19 

26—30 

4 

23 

31—35 

2 

25 

36—40 

2 

27 

41—45 

2 

29 

•46—50 

1 

30 


30 

The cumulative frequencies are 3, 7, (3 + 4), 13 (3+4 + 6), 
14. 19, 23, 25, 2/. 29, „d 30. ^-,^“—15 te m ,h, gro»p 
This IS the Median group, whose lower Umit Is 2t» 
(thegivenfrequencycorrespendins tothis group IS 5 and » is 

lalso 3. Therefore, Median =*21 + 5 (15 — I4)s=22 



For the Median number- 


used for continuous 

o + 


•well as (or (or discrete series. Bat for discrete senes 
^caQ be used when rt is odd 


Advantages and Disadvantages — The median is 
typical, when the central values of the series are Uo«el} 
grouped, and the array consists of terms quite close to ^ 
other. It can be located by lospectioo and is not distorted b> 
•eztremes or unusual terms For tbe data of the type. 

Frequencies 

Below 5 

5 — 10 ~ Median is a better average 

10—15 •- than Arithmetic Mean ' 

Above 15 


Median is not so familiar ao average as tbe Antbmetir 
IMean. | 

In locating tbe Median, tbe items have to be arrayed 
which is not done in the case of Arithmetic average. ^ 

Quattiles, Deciles and Percentiles — Just as the mediai 
-divides the distribut'on into two parts* the Quartues divide i^ 
into four parts, Deciles into ten parts and the Percentiles iDt(| 
one hundred parts To determine the values of these measures 

the same process is used as for raediau except that we us 
for first quartile Qi for second quartile, ,and for third quar 
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For discrete senes when M IS odd « + l can be used m 
place of « 

For deciles we can use-^ for first decile, — for second 
10 10 

and so on 

For Percentiles wemaynse for first Percentile 

100 100 

for second and so on and proceed exactly as for median 

Besides these measures of comparison we have also Quin- 
tiles and OctileS which divide the distribution into five and 
eight parts respectively The rest of the forroul® and process 
IS the same as for Median for all these measures 

In the above example Qi“U + S tV ■"7)“ lliV» as ^ 
lies in the group 11 — 15 

Exercise I 

1 How will you proceed to conduct an economic inquiry 
of your own native place ? 

2 Prepare Questionnaires for (l) your own college (2) 
big factory or firm (31 well known Bank 

3 Draw Table for tbe data given at the end of the 
Exercise I 

4 Draw Tables to show the distribution of population of 
your Province by (1) age, sex and literacy (2) Sex and occu A 
pations 

5 Form frequency table of the following taking 
cla«s intervals as 2 5 and 3 respectively 

Kupees 1, 7, 4, 2 8. 3 S. 4 2 3 5 7 2. 5. 3 4, 15, 25> 

17 2 19 3, 19, 27-, 2&4. 291. 30 2, 14*6. 2 3, 1 5,29 13. 

10 4S, 13 7, 14 9,2 7, 3 i 19 3, 209. 17 5, 12 8, I 9, 3 9 



6 ✓ Find the \TUhinetic "'lean and Median of th“ 
following observations 2^ 24, 25),^ 2j, 2J1, IQ, 21, 22, 2^/ 
22,^ 2Qj 22-,.^ 23, 25, 2J{ 2ft, Ui 2-5, 2^ 2-2^. 23, 2^/ 
22':i{ 23*’ ' **" s * ' ' 

♦ Vea« 27 9d aud \ledian 22^ 

T' Form a frequency rnution <if ino foiiowing 
d*t-v gnmg iLe iiatx riimbers of 60 co'n'nodities in a 
cttfain year an! r ihe aalv-« of ibe M^an and tb-- 
Medan 7j, 7-^-‘8l, %% '^6 8" b^, 90; 9f, 94; 95,96, 
9^, 9e. 99^ 99 JW, lOO lO.lOl.lOl IQ-’’. 164, 10^ 

181, 105, 105 IsU, 187, 10^, 1^. 18>, 109, i&y, no, 1 j\ 

in. 11.2, nd lu. in, uf. ii5, ii6. iw i-v?, m, ii5, 

ll^fsa, )ai 12i, U3, 13. IM, I3«, I’i? 15) 

f\l <4 19'72 pill jab b nitersili) 
(Ani 107 22 

8^ Given, Hetgri in inches :f) 73,, 7 71, 70, 

M\n (/j‘ 2 4 6 ID 

/ 69 t^. 6», bC,. 65“ 

11" 5 f 1 

■> Calculate the trean height. 

H a 09 16 


^ Given \ ar Ate, • '*9, 1'' i7 16, 10, 

hr'-quency 4 2 4 a 11 lO 

14. 13, 11 

7 4 2 1 I 

bind the Mean variate vl by taking 11 as n- ongn 
(2j • 5 as Zeio u c as Pro Mean) and verity by I'-e due t ' 
meihcd 


Ans Jj-54 


j'O Gi\»’c tht following fr qv.erc> di'tribution, calculate 
the \r tbme,! \ 4 



IS 


Honihly IV'ages 

IV arkers 

Monthly \V aget 

Workers 

Rs Rs ^ 

\2 3~i7 5 

') 

1 « R« 

3/5— 5 

4 

17 5 


4 5—47 3 

6 

27 5—27 5 

W 

47 5— ST* 5 

1 

27 5—32 5 

14 

52 j— o7 0 

1 

3'’ 5—37 3 

3 

* 

' 

'^U (fl) F od 

the m«diaQ 

(6f Sc Agrici/RMfC 7P43 ) 
rt«s Rs 27 85 

guatti e®, ^tb decjls and 56tli 

perceatile for the fo 

lowing disiribntinn 


Clan Intenats 

Prequea 

Class Intervals 

Kreguen 

Rs 

ctet 

Rs 

ctes 


b 

n— 12 99 

16 

3—4 9y 

53 

)3— .4 99 

4 

5-6 9:< 

So 

15—16 99 ^ 

4 

7—8 99 

56 


— 

9—10 99 

21 

Tola 

245 

Hifit — In such decimal classes consider class interval, a 

nhole number, lo 

this case 

the interval i® 2 and groups as 


class internal 2 
1—3 

3 — 5 fct computattsn 

4n* CrfO = a ^)5, Q3«8 4 
D%~S $6 afld P35**5 8 
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(■6) Given 


R« 


Rs 


4— 7 999 

4 

23—31 999 

22 

8—11999 

16 

32—35 999 

10 

12—15 999 • 

46 

36—39 999 

2 

16—19 999 

68 

40—43 999 

2 

20—23 999 

58 

44—47 999 

0 

24—27 999 

32 

48—51 999 

1 


Calculate the Arithmetic Average 

Ams 20 6 

sA 2 Calculate the median, the loarec Qu iriile and the 
^pper Quartile for theloUouBing freqa*a''y distnbi ua oE the 
•^nmber of marks obtained by 49 students m a cla=s ~ 


I 


Marks 

No 0 / 

Alaribt 

No o; 

obtained 

Students 

obtained 

' Students. 

5-10 

^ 5 

25-30* 

‘ 5 

10-15 

6 

30-35 

4 

15-20 

IS 

35-40 

2 

iO-25 

10 

40-45 



(Punjab UntiersUy B 

J^ffons 19^2 


• 

A«5 fS 

15 4f, is ^5 

y/li Find 

the median and the first Quarule 


Amount of wages 


Number of 




workers so 




receiving such 




Rate of tcffges 

I'ot exceeding 10 sbilliogs 

. 

50 1 

Over 10s 

but not e?iceediDg I2s 


/O 1 

■Over 125 

. „ I4s, 

,, 

60 

0\er 145 

.. .. I6s 


81 


Total 


261 



20 


261 + 1 . 


131 


Htnt — Take the njedian oomfaeras— 

261 + 1 . 

4 

Ans 12s 4 4 psitce Qi^^lOs. 5 Sfi-^ 


and for Qi 


14 Calculate the inedian 


(a) 

RS. IQ, 8, 6. 4. 2. 

frequecy 

I. 4. 6, 4. 1 

(6) X ^ 

Rg. 20. 40, 60, 60 

s 

10, 50. 30. 10. 

(c) « 

10, 12,*T4, 16, 18, 24. 

/ 

2, 5. 6, 4, 2. 1 

Cd)* 

3, S. 7. 9. 

s 

200, 400, 300. 100. 


Hint.— Fust of all pot * class intervals, so as to 
have X as the middle values and then proceed in the ordinary 


way. 


y 

X 

For (d) Class intervals are 2—4 

3 -i ^ 

4-6 

5 « i. 

6-8 

7 

' ' 8-10 

9 ’ll 

^ ’ AnS. (a) ^ (6) 46, (c) J4, 
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'is. Find the Median and Qairtilea for the ioUo’ 


-qaency distribution. 

Rs. I2, 8 ans. — Rs 

l7.8aos. 

/ 

4 

U 

„ . . 



44 

Lig 1 

„ 

.*• •• n — 

38 


— 

— .< 

28 

\\^ 



6 

11.0 


^ * 

8 


” " 


. 12 







2 


» 52.8 „ 

57.8 „ 

2 



144 

A«s. 25, 10-~ay 



Qi. 

=Rs. 2/, 2-^ on!. 

J 

Qi 

=i?j 57, fty arts 

16. The following table eives the Butnbjr of males f 

lales 10 U. P. 10 1921. galoot 
I females. CtCc^^ 

^he average age of mal 

Agt 

Halts 

Females 


(tn fafths). 

(tn (afefis) 

0-10 

61 

58 

10-20 

49 

38 

20-30 

40 

38 

30-50 

60 

54 

50-80 

2J 

28 


Ans. 

“ 2lf- 


FemoI«s 26-~,x' 
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\7 ^fce frequency distnbatjon below gives tbe cost of 


production cf sugar'cane 
Arithmetic Slean. 

Frequency. 

ID dififerent holdings, obtain 

Frequency 

2-6 1 

18- 

52 

6- 9 

22- 

36 

10- 21 

26- 

19 

14- 47 

30-34 

3 


[Intitan Audit and Account Service Exam 1941) 
Ans 19 2127 
of the tnediaa acd the tne 

Eacicriet in India 
[1935—36). 

2 a. 

5 


11 

U 47 
10 LI 
7 fk ' 

6 3® 

3 <g^ 

1 

I %ir 

85 

{31. A, 1943 Punjab t/iitversifs) 

Arts. Median, 9 lS. Qi.^8‘7$, Qi.=9'5^ 


18 Calculate tbe values 
uartiles for the following. 

/or tercentage re* 
eovery of sugar on cane 
8 ' 0— 8 2 
8 ' 2 - 

8 4 - ' 

8 6 — 

8 * 8 — 

9* — 

9*2— 

9 4— 

9*6— 

9 8— 

10' — 

10 2 *=- 
10'4— 10 6 
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The che'^t measurements of 10,000 men are gi^en 
as follows — ^ 

lochee -33, 34. 35. 36, 37,38,39,40, 47, 42, 43, 44, 
45, 46. 47. 48 

Men— 6, 35, 125, 338, 740. 1303, 1810, 1940, 1610, 1120, 
600, 222, 84> 3Q, 5, 2. 

Calculate the mean 

(M a 1941, Altgarh Onjv6Tsifi'\ A«s 39 83^ 
<^20 The foliowmg table g»ve« the distribution of the 
male and female population of a certain area to India Find 
the mean age, median age, upper ard lower quaitile ages. 


Age groups^ 

iHales 

Females 

0—9 

2756 

2787 

10—19 

2124 

2032 

20—29 

lc77 

1724 

30—39 

H81 

1485 

40—49 

1021 

1022 

50-59. 

6.0 

579 

60—69 

2•^5 

269 

» 70—79 

67 

78 

80-89 

; 16 

20 

90—99 ^ 

/ 

4 

> 

10,000 

10 000 

(f C S. 79361 Ahj 

MaUi 2^649 20 71, 9 07, 36 S7 


Females 23 774, 21 05, 8 97, 36 44. 

* 21 Calculate the 

mean aud 

median for ihe followiCg 

distribution 



Weights of bo>s m ; 

a CEiiain cUss, 100 — lOl, 105 — 109, 

• 

Number 

4 14 

110—114. 115—119, 

120—124, 

125- 129. 130—134, 

60 138 

206 

298 3S0 

135- 139, 140-^144, 

145—149, 

150—154, 155—139, 

450 500 

430 

260 128 

160—164, 165— 

169, 170—174. 

66 28 

12 

=*2574 
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\/ZZ The fo lowing t-^ble 

gi\ es the 

marks obtaintd by 

a batch of 

15 candidates 

IQ a certain examination in 

History Politics anti Ecoaomics In which subject is the 

l“vel of knowledge" of candidates highest ? 

Gite reasoni 

Roll IVo 

Wistori 

PoIi<ic$ 

tcoiiowics 

1 

42» 

146* 

- 33V 

2 

'24 

t20‘ 

,25 

j 

,3x» 

•i4U 

•f44'^ 

4 


4j* 

t50vv 

5 

31» 

23 

i »5 

fi 


54V 

57-* 




So- 

R 

/50 

v36 

tf40' 

•i 

40* 

30 

>20* 


e’ 

6I 

64 

n 

40 


^42*^ 

12 

54 

63 

60 

13 

«3. 

4-«j« 

*» 62* 

i-t 

*7. 

56 V 

54^ 

13 

-545. 

5S 

sa-* 


(S ^ Ho 

r-S 194j)A» 

S (TCOrtO MIC*' 


Popu ation iw litnted 

23 Ags 

: g’-oups Hi' 

igiom in mi 

llions 0 / I'idta 

V 

0—10 

2- 

353 


10—15 

20 

222 


15—70 

IS 

157 


20—25 

16 

145 


25—30 

14 

. 161* 


30—40 

27 

257 


4‘'— oO 

25 

" 1&4 


50— eo 

IS 

120 


Compare th* 1 

ateiage age 

Ans U K 27 203 


{B Com Patjat 7945). India 24 24. 
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24 The follovnng table shows the frequency distributic 
of >ield of in mtunds pet acre^in 998 irrigated field 
selecfrd at random in the province of Punjab 

Limits luMds 0—4 4—8 8—12 12— 16 16— 20 20-2 
No ol fields 45 184 281 22S 155 77 

24—28 28- 32 32—36 

. 22 5 1 

^ Calculate the average yield ter acre 

(C St Exam and M A An$ 12 4t 

25 Make a frequency table btvtng grades of ' 

^trlth class in ervals of iwo anna, each from the /cliowong dat 
of daily v.a>;e, receiN ad by 30 labourers in a certain factor 
and then compute the average daily wage paid to a labourer 

D^ly wages in annas ^ _ 

^ 14; KI iS it; 22, 13, I'J, 24; li; 2^ 14. 20. 17, iX, t' 

18, 19, 20; n'. ii. ir. It, u, fi. as, n, re, to, 72, 73. 

(6 A Hons i9d5) Ans, Rs 1,2a 
'is The frequency distnbotion according to age of 
group of persons is as follow — 

Agt group No »« the group 

H i 

2j— 35 -- II 

35-45"" //// 12 le A Ho«s 7945 

45—55 f ' ^7 8 

55—65 4 

65-75 I f 

Calculate the Median Ans 28 6*^ 
y 27 Calculate the Arithmetic menn for ' 

Monthly Income Rs 12—16, l&— 20, 20—24, 24—2 

Labourers. 2 S" 10 12 * 

2S— 32, 32—36, 36—10. 40—44, 44—4 
15 20 12 10 8 

48—52, 52—56, 56—60 

6 4 1 Ans. 33 8] 

(.Hyderabad £7nipersi<y B A. 
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28. The tabl“ shows th** age distribetioo of marrtsi} 
mal'S accoiding to samp e ceo^us of 1941 in the Barcda. 
late 


ee 

0—5, 5— 

10. 

10—15, 

, 15—20, 

20— 25i. 

umber of 

3 31 


410 

1809 

2446 

an led females 




' 



25—30, 

3t»- 

-35. 

35—40, 

40—43 


2223 

1723 

1292 

963 


45 -50, 

50- 

-55, 

55—60, 

60—65,. 


762 

531 

317 

156 


65—70, 

70 

—75 




59 


37 




Calculate the median age of married females and also 
! trio quartiles 

A»s.28‘78, 21 91 , 38 58^ 

{hidtau Audit C Accountanls Seru ce £*ow. 1942U 

29 Calculate the Quartiles for the following frequency 
inbution of weights of * cetUio class o( people 

Weights in poundf lOO — 105, 105 — 110 

Kumber of persons 5, 10, Ij, 65, 40, 32 ' 

170-175 

44. 35. 40, 29, 30. 25. l5. 10. 8 

llndian Audit & Accft- Exam 1945) 

30 Compile the statistical data contained m ihe 
llowing paragraph in tabalar form — 

Tbe United States Bureau of Foreign and Domestic 
'■mjnerce presented, io the Decenber 1937 “ Monthly 
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Summary of Foreign Commerce ’ dataof e\ports of United: 
States merchandise and of imports for coDSumption (not 
tcclading imports for purposes of re export), segregated mto 
“ economic classes and for various years Compiring 
1936 and 1937, the total valoe of exports was S2 418,969,000 
in 1936 ard $3,294,916,000 lO 1937, while the total value of 
imports for consumption was S2 423,977,000 m 1936 and 
$3,012,457 000 m l^>37 Crude materials exported in 193f 
amounted to $668,168,000, ot 27 6 per cent of the total 
value of exports for that year, and m 1937 were $721,871 000 
or 21 9 n*r cent of that year’s total Imports of crude 
materials amounted to $732,965,000 in 1936 and $973 535,000 
in 1937. or respectively 30 2 per cent and 32 3 per cent of 
total imports for consumption in the two years Crude 
foodetuffa exported m 1936 were valued at $58,144,000 which 
was 2 4 par cent of total exports for that years , and 
SlOl, 74^ 000, or 3 1 per cent of the total lo 1937 Imports 
of crude foodstuffs for consumption were $348,682,000 or 
14 4 per cent of the total \alue of imports for consumption in 
1936, and Svl3i345,O0O or 13’7 per cent of the total in 1937. 
Manufactured foodstuffs exported in 1936 cams to 
$143 798 OOO or 5 9 per cent of the year’s total and in 1937 
weie $177,451,000 or 5 4 per cent of the total Imports of 
manufactured foodstuffs for consumption amounted to ^ 
$3S5,Z-iO,000 or IS’9 per ceat of the total imports, in 1936 t 
and $440,103,000 or 14 6 per cent of the total in 1937 
Semi manufactures exported in 1936 were %alued at 
$394,760 000 or 16 3 per cent of the total, in 1937 they 
were So77 254,000 or 206 per cent, of the years exports 
Imports of 'emi'maaufactnrc** for consumption totalled 
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St90, 238,000 or 20 2 per cent of all imports for consumption 
in 1936 and 8534,181,000 or 21 1 per cent of the total m 
1937 Finished manufactures worth Sl>154,099,000 of 47 7 
per cent of the total for that year were exported in 1936 , 
and Si, 616, 598 000 worth, or 49 1 per cent of the total, m 
I 1937. Of finished maDoIaclores imported for consumption 
§465,852,000 worth or 19 2 per cent of all imports for 
consumption, came in during 1936 anil S551 323,000, or 18' 
per cent of the total were received in 1937 

CB a Hons 1944) 


CHAPTER HI 

MODE, WEIGHTED AVERAGE. GEOMETRIC 
AND HARMONIC MEANS 
Mode « , 

Mode IS th* predpminent item in a series, the 

Size of the variable that occurs frequently or the position of 
the greatest density 

Local inquiries Into wages frequently require the ‘ current* 
wage or the usoat*" wage This wage should be considered 
as Modal wage. 

Inquiries regarding modal wages, rents, price etc , are 
frequently answered off hand by experienced businessmen 
Vhilst enquiries as to A\eiage quantities, would in%olvea 
considerable amount of labour Mode is also called Norm 

Meteorological foccestes are based on the use of the 
mode In studying output. Mode pro\es of great advantage.. 
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To locate the posUjqd oI mode, the following formulae 
may be uaed First Group the data, notice the maximum 
frequency and apply 


(l) 5^de*=?+ — 


/«-/i 


5<i. 


Where I is the lower limit of the modal group, that is 
the group* ha\ing the greatest frequency i being us 
magnitude. 


/ni IS the maximum frequency,/!, the frequency of the 
group preceding the modal group and /j of the giL 
following the modal group 

(2j Moae-i + — -firr' 


This as mote handy than U) for caku'ation, but (1) gues 
core precise position 

13) Mode*® 3 Me(Ilan-“2 Arithmetic mean. 

This formula is quite general for the calculation 
of mode In case of frequency distribution, where two r 
more equal maximum ftequeuciea occur, this formula is t< 


be used. « 

ExamfiJe 1. — Marfts om< 
of 10 

2— 4 
4— 6 
S'- 8 
8—10 


Number of 
Students, 
20 
40 
30 
10 


The group (4 — 6) contains the maximum frequency 41 
so it IS a modal group with 2 as its magnitude, 10 being tfc 
maximum or modal frequency * ' 
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by 0) Mode 


=4 + 


^- 20 ^ 


20+ IQ 


. ..1^ 2 = 5H5 33 

(2)SMe = 4+ ^^-j^x2=.4;-52 

(J) MeaD IS 5|, Median Sj 

.■• Mode = V — % — 5 i*5 = o 3 


Symmtirical dtilrthulton — If m a senes, the mean, 
mfidjan and the mode are the same, the dtftribution is said 
to be symmetricai otherwise nocsymmetrioal 

Advantages ani dtsadvaniages of Mode — 

1. Mode IS easily understood and like median it may 
!be spotted by iDspectioD, an advaciage yihich the Acicbmettc 
Mean does aot enjoy. 

2 Like the mediao and mean, it can be" calculated 
fwhen data fall iQio groups 

3 It IS the at erage of position and proves useful for 
non*quatitative data also 

Disad\,antage — It is frequently ill defined and be- 
comes difficult 10 locate exactly by the formUiI^ Its signi* 
ficance is limited when a large jiumber of values is not 
available. 


Weighted Average 

The Arithmatic average gives equal importooce to all 
(be items in a series and it cannot be aifiantageously used 
where it is necessary to give unequal importance to different 
Items. Ic such cases weighted average has to be used 


Dus importan'-e IS given to each item by weighting It. 
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The object of weightiog is to givs proper importahce i 
different data Weights are assigned to each item in 
pottiQD to Its importance m influeacing the final resul 
and each item is multiplied by its weight or by the num 
of persons or things cootjecl-d with it. and the products 
added up. The total sura of the products is divided by tl 
sum of i/eights (or by the number of persons oi things ■■ 
nected with n) and ibe resuli is the Weighted Averag 
Weighting may be essential when the series is small, 

\ ery large senes, weighted average and Arithmetic averag 
tend to be the same Weights are estimates of rclat" 
importance ** e* 

2 -^ 



Factory a. 

1 Factory B. 

Dticnpuon 




0/ 

Wo of Dtttly wage 

Wo 0/ 

Daily ua, 

workers 

ein‘ per 

tm ^ 

per 



ployees employee 

Pj^yees ^ 

^emi><o; 


Rs a. p. 


Rs a. 

(0) 

200 3 8 0 

3i0 , 

1 2 4 

(h) 

20 i 1 B 0 

40 1 

I 1 4 

(cj 

250 1 2 8 0 ! 

200 

4 0 

(d) 

150 i 5 0 0 1 

200 



620 ^ 

860 

1 ^ 


Simple Arithmetic A\erage for 


Factor,; 3-125 „i„,i, 

•the same for B also, ^o no comparison is possible. , 
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Weighted'average for Factory B 

^(^5^320) + O 25X40)+(4X300) + (2^^X5) _ 

" 320+40+3(^+200 

= V/=3 453 For facfoty A, weighted rverage 

= 3 5X /OQ + 1 5X20+250X2 5 f 5X 150 = 
200+20 + 250-M50 

us there is a marked digerence id Average wages 
Geometric and Harmonic Meens 

Geomelric mean is the »th root of the product of n items. 
. 1 
If a, b, c, z are « items then G * (ci ii.c d • .. z)” 

Thus the G mean of 4 aod 9 is (4 x 9 ^ = 6 G^ M of 
5, 8'acid 23 IS (3 8 25)^ —10 G M can be easily cafcti 


aied with the help of logarithms, i e , tbe logariihns (logs) 
}f the Items are averaged and the aoti logarithm (anii log) ol 
^his average will gave the G M The logs can be looked up 
•asily ftom the Tab e of i.ogaritbnis 

Example J — To find G. mean of (a) 20, 5 and 10^ 
Jsing log table, lOg Gs»J (Jog 20 + log 5 + log lOj 

= i (1 3010F*6990 + 1 000) = 1 
G = 10 

(6) To find G M of thz grouped data ^ 


2—4 

4—6 


20 


log * 
4771 
*6990 
8451 
9542 


198 G- ^ 72397 G^-29r 
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Harmonic Mean is the reciprocal of the average of the 
reciprocals of the items m a sene® Harmonic mean of n 

Items will ie- 


■ 1 ^ 1 . 


1 


Ej;anii)le 4— To find Hattrooic Mean for ungtoupeii as 
■well as grouped data 

(a) To find H M of Sand 25 “ There are two it^m 
and, therefore ti = 2 


and H 'M 

^ 2 

1 I 




5 25 



[b) X 

Reetprocafy 

— Preguefcy f 

/>< ^ 



X 

X 

3 

333 

20 

6 66 

5 

»* 2 

40 

8* 

7 

4* 143 

30 

4 29 

9 

in 

JO 

1 U 



. 109 

20 06 


Harmonic Mean* — 9a 
20 Oo 

In general H M = — 


Reciprocals can also be tiUeo from the tab e 
Adiatitages and disaiiaget 0 ) fficse JlIecKs — 
Harmonic Mean is less than the Geometric Me»n i/bicfa js 
less than AntLmttic Mean. If in the da a, \riibmetic Mean 
fails to gne a satisfactory average, or the c.\erage b-mg 
too hig in compari'on with data, then G^cmetnc M»an is 
to be used and if that also is nnsatisfactpry, then Har-nonjc, 
bat Harmonic is not much u®cd in practice. 
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If two or more ■series are to be compared and Arlth* 
metic Mean conies out to be the same then Geometric 
Mean can be u«ed 

Geometric Mean is less affected by extremes It is 
particularly useful in the Construction of Index Numbers 

Geometric Mean cannot be determined where there are 
negative values in the senes or where one of the items 
15 zerc and moreov er it involves lot of calculations 
Exercise II 

I — Find the Mode for the data in Q 14, Exercise I Are 
these symuetncal distributions ? 

Ans (Jattti formula (/) (s) 6, (6) 43 S, 
(c) 13h (d) ( 0 ) ts symmelrtcal, 

II -**Calcala(« the G Mean and H M for Q 14, Ex I 
\a and b) 

Ans (a) S'6t5.5J6t,\b) 45 11,4213 

III — (a) Find the Geometric Mean of 50, 80, 200 and 
100 and compare with the Arithmetic and Harmonic Mean 

Ads 9^ 57 107i 21. 

Find the Mode of 0 — 4 10 

n— 8 20 vikA 

3—12 30 J 

12—16 30 

An, tof _ 

IV — Find the Mean, tneaiaa and Mode of — 

Class intervals, 6 5—7 5 7 5 — 8 5, 8 5 — 9 5, 

Erequencies 5 12 25 

9 5—10 5, 10 5—11 5 1X5—12 5, 12 5—13 5 
48 32 6 1 

Ans 9 87,9-98 10 2 
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V — Determins the Mode in Q IV by using formula (2). 

Arts 10 Ob, 

VI — Compute the modal wage for the following frequency 
■distribution of wages — 

Central wage R® IS 20, 25, 30, 35, -10, 45, 50, 55 
Wage earners 2, 22, 19, 14, 3, 4 6, I !• 

A«s Clasitfy the wages as 12 ^ — 17 5 etc 
Apply /ortnula {l) 2185. 
VII- Table showing the frequency w<th which profits 
are made What is the Mode ? 

Ff equettcy 


Exceeding Rs 

3 000 and 

not exceeding 4,000 


«i >, 

4,000 


5,000 

7 


5,000 


6,000 

22 

„ „ 

6 000 


7,000 

60 


7,000. 


8,000® 

85^ 


8,000 

»< 

9,000 

32 

>1 It 

9,000 


10,000 

9 



Ans 

using (2) Rs 

7347 82 


\ III —The annual incomes of fifteen families ate given 
beloiv in Rupees 50. 2,500 90. U200. 1,4 50, 7,20Q, 120. 1,060, 
150^ 480, 360, 96, 200, 520, 60 calculate rfhe ■^uthmetic 
Average, Geometric Mean and the Harmonic Mean 

{P V. M A. 1940). Ans 1037 7. 377 3, 186 ftw 
IX — The following is the distribution of wages ^er 
thousand employs in a ceriam factory — 

18 20 I 22 . 

I 

69 j 25 , 6 1 


^^lInbprof era 3 13 ) 43 102 J75 '220 f 


Calculate the modal and median wages and explain why there 
IS a diFetence between the two . 

^ [B A. 1S43) '1^/ ’1^ 
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J X. — The following mark^ have been obtained lu three 
papers of Statistics in an Baaminatlon by 12 students. In 
which paper is the general level of the knowledge of the. 
students highest "> Give reasons, 

A k, 56, 4f, 46^ 54. 59, 55, 51, 62. 44. 37, 59. 

B 58, 54, 2'l. 1^1, 59, 46, 65, 31. 68, 41, 70, 36 
C 65. 55, 26, 40. 30. 74, 45. 29, 85, 32, 80, ^9. 


XI — Calculate the Averse (or 

Ans Pti^er A 

Itemt 

Expenditure 

Wet^t 

Food 

29 

75 

Rent 

54 

2 

Clothing 

97*5 

1 5 

Fuel and light 

75 

I 

Other Items 

75 ^ 

5 - 


AfiS. 46 74, 


./Xlt-“Tbe following table gives the number of employees 
and their monthly earnings m two factories of a particular 


Descrition o/ ' 
tcorifemen 

No oj 

Monthly 

No. 0/ 

lilanthly 

(o) 

employees 

4 

earnings 

Rs. 

800 

em^{o>ee5. 

1 

earmnis 

Rs. 

750 

ib) 

22 

45 

8 

125 

(c) 

20 

100 

10 

50 

id) 

30 

30 

20 

40 

{e) 

so 

35 

30 

45 

(/) 

300 

15 

100 

15 

Compare and Bnd the weighted average. 



SrS and 34 9. 
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Xin. — Calculate the geometitc and harmonic means 
-weights m mauads 

250, \2, 4 5, 1W*5, 30, 42, 3S.4. 7S. 

Ana 39 8 y Id 

XIV. — Determine the mode and Geometric Mean >' 
Questions 23 — 27 (Exercise I) and compare the averages 

CHAPTER IV 

DIAGRAMS AND GRAPHS 

The statistical data can be presented in the form of 
diagrams, charts, graphs and pictures, so as to permit 
immediate grasp of the aigoiftcance attached to 
The method of diagrammatic representation is used 
the purpose of comparisons Is business, it is neces 
sary to call for data relating to Sales, Purchases, Stock 
Expenses, Cash Balance, etc, and if these are presente 
to the business mao in a graphic form lO such a 
I that comparison cbuld be made between two or 

periods, or two or more related items, it would be easie 
to understand, than analyse the tabular statements an 
also «aAe a of time. Great care shonid be taken * 
the choice of suitable diagrams depicting a concise p 
of the statistical data The size of the diagram sbonld ' 
just sufficient to enable the eye to perceive the 
features of the figures which u claims to stand Iw. Th 
diagrams should be neatly and accurately drawn with tb 
help of msiTuments and they should be attractive an 
complete, as fat as possible. To bring out the distinctio 
clearly, various kinds of dotimgs. lines, pencils of . v. 
colours, crossing or colontiog or some other ' 
methods may be used . « 

'.V 
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The following types of diagrams, charts and graphs 
re commonly used 

(1) Simple Bar Diagrams, (2) Subdivided Bars 
ir Compound Bar Diagrams and Percentage Bar Charts, 
3) Rectangular Diagrams, (4) Squares Cubes and Circular 
diagrams (5) Pictograms, (6) Histortgrams, (7j Log* 
irithmic or Ratio Charts (8) Graphs of Frequency 
listributions 

(1) Bars or thick lines of uniform breadth and with 
Diform space m between, are drawn to represent the 
iven Items, the magniiode being represented along the 
ertical side of the bar on a coovecicni scale and the 
terns arranged in ascending or dsscendieg order of 
agnifude 

(2) If a magnitude is capable of being broken into 
oraponent peris or d there are lodepeitdent quantities 
'hieh form the subdivisions of the total, in either of these 
ases, bars may be subdivided into the ratio of ihe 
etious components to show the lelationship of the parts 
) the whole If the imports and exports of a country 
re given, the sum of the two, the total foreign trade, 
ill be represented by tbe height of the bar, imports and 
(ports will be tbe sub divisions Total population of a 
luntry may be represented by the height of the bar and 
ie males and females will be tbe sub divisions (bee 
so Exercise III, 2) 

If the sub divisions are more than two, tbe sub* 
Visions may be reduced to nercentage of tbe whole 
ie height of the bar will represent 100 and tbe other 
mponents m percentages may be represented on the bar 
ii« Will be a percentage Bar diagram 
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(3) Bar diagrams explained above, are supposed to 
bavft no breadth at all, bot Rectangular diagrams h'vc 
breadth as well as height 

The area of the rectangle will represent a magnitude. 
Rectangles may be used when two or more quantities are 
to be compared and each is sub-divided into several 
components For instance, when it is desired to show 
differences m expenditure, on the same item, iti two family 
budgets will different incomes, rectangles can be used 
with incomes as che breadth of the rectangles and 100 as 
the height of the rectangles. Tbs several items of expen- 
diture may be reduced as percentages and represented 
on the lectanglss. A uaiform scale is to be used for the 
rectangles, e g See Exercise 111, 6), 

(4) Squares, Cubes and circular diagrams 
quantities bearing large ratios such as 1 100 or near about, 
ate to be compared, bat diagrams do not serve the purpose as 
a suitable scale caoaoc be selected In such cases, squares 
are used 

Tahe ibe square roots of the given iieins (arranged la 
ascending or descending order) and with these square 
roots as the sides consiuct squares with a convenient 
scale, keeping a uniform space m between the squares, 
(e.g., cfie Exercise 111,71. If the ratio= m quantities are 
1 : 1000 or near about, cubes are drawn with cube roots as 
sides 

As It mai fal'C more time lo construct squares, circles 
can be used in place of squares. With square roots of 

iVo ,,»rT,e ' ......la- -1 -11 tV. .fe—c: T 
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centres should be nlacsd lo a borizoatal hoe. Circles 
are also called Pie Diagrams. 

Sectors of the circle can also be used for compar- 
ing several items, the sab divisjoas being represented as 
follows — 

I 

Suppose we are gueo the population of several 
countries. Let the circle represent the total of the 
^populations. The whole circle covers 360 degrees, that is 
(f e ) the whole population ^360 Express the popula- 
tions of other couniries in degrees ao(f draw these ang^^les 
^in the circle. The sectors so formed will represent the 
diiierent populations If tbe total population is 120 millions 
and of one country is 10 m'llions, then tbe angle of the 
conntty is The sector couQtainisg 30° will 

Veptesetit the population nf the country 

, (51 Picfograms — Numerical data are generally given 

a beautiful and attractive summary representation by 
^eans of appropriate maps or cartograms, and pictures 
^r pictograms In drawing pictures ii should be borne 
in mind that the proportions lu wihcb the natural objects are 
fOund should not be disturbed. Maps with different colours 
^may be used to visualise tbe distribution of population 
tQ an impressive manner For ocular comparison of 
^gures dotted maps are widely used. Density of popn- 
ation, tbe average yield per acre of corps m various 
parts of a country and many other similar statistics may be 
indicated by means of dots in a map. 

r (6) Hiilorigroms — Diagrams pertaining to historical 
'it. tin's senes are said to be bistcngrams The years 



Rupees m Ltus 
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or months as the given time may fae ate plotted aiooi^ 
Ibe hotizontat line (called Ibe axis of x) on the grapte 
?ap«r the data corr^apoodmg to the periods are plotteat 

^loDg the vertical line (called the axis of This 

plotted points are joined by straight 1106“^ This wit, 

^ Histongtatn drawn on a convenient scale Tte) 

T:>OiDt where the axis of x and the axis of y meet is called 
^be on|in which is zero for vertical valuer If then 
two or more senes on the same periods they cac 
be plotted on a convenient scale with origin as zero fd 
■''•rlical lalues and thus their fluctuations can be con* 
pared Commercial data such as Records of sales Po^ 
chases and Sales Gross proflts and £xpeose« Turoot^ 
snd Net cijoftt cap ^hus b* represented graphical!^ 
Some distinction may be made wl«n there ate tao or moi 
time series * 


£xa»i^?e •'-To draw 

the Hi tot grems 

for 

the daf» 

'bowing pu cha«e and sale for 12 

months giver is 

Lacs ^ 

Iiupee« 





Januarj Teb 

Match April 

May 

June 

Purchases 40 42 

48 

52 

54 

56 

50 60 

60 

65 

SO 

74 

Juh August 

Sept 

Oct Nov 

Decembe 

Purchases 61 64 

66 

66 eo 


86 

Sales 70 70 

65 

60 64 


70 


The monlbs are shown along the horizontal axis ar 
^be rupees in lacs along rbe Vertical axis la the diagram 
^ f^) Logartlhmtc or Ratio graphs — So far we ha\ 

* 0 dealing with data drawn on the natural scale tb 



equal vertical distances represent equal absolute nio\e- 
ents The ratio scale is employed as an alternative 
> the natural scale, whenever it is desired to study 
lative movements An absolute series may be ‘con* 
•'rted into a ratio senes by plotting either (l) the 
jOganthms of the actual figure® of the given Item®, 

I ]> be represented along the Vertical axis or (2) the 
jures themselves on a semt>logaritbmic paper. Method 
IS generally used as the logarithmic paper is not 
isily available The logarithms can be looked from the 
ables and then plotted The plotted points maj be 
jined by means of straight hoes to obtain a Log~ 
itbmic Graph (or Ratio Chart) cr by a free band cut%* 
hen possible Ratio <ca e cannot show zero and nega- 
ve value® which the natural scale can A. constant rale 
^ change, growth or decline is indicated by a- straight 
ne on a logarithmic graph The stability nr instability of 
'ices or any other such variable can be brought out by the 
‘ganthtnie graph 

j Example draw a population graph from the fol 
wing data on a ratio scale for the population of India 
1 lacs 

•ears 1831, 1891, 1901. 1911, '1921, 1931 

,opulation 2539, 2873, 29t<. 3150, 3189, 3530 

, Tiie logarithms of the figures in population, are , 
84048, 84584, 8*4689,84983 8*5037, 8‘5478 
'lotting these as in hislorigrams, we get the required graph 
pproximate value in decimals may ' be taken while 
dotting). 



example given 3bo%e, we ate gi\eQ the po^dlatioo dus'- 
JDg the yeais 1881 — 1931 If «e are required to esiimate 
the population for any intervening year say 1926, not 
given- in the data, interpolation has to be used aa 
follows Mark the year (say 1926) along the axis of x, 
and at this point erect a perpendicu’ar [called Ordinate) 
cntticg tne grapb at a certain point The length ot 
this Ordinate will indicate an estimate of the popuia 
tion for 1926 Looking its value from Loganlbmic 
tahle=, we shall hate the estimate of tb«» population. 
Extrapolation can also be done graphically if the data 
happen to be organic in character It means, findiDg 
the \alua for the year beyond tbe years given in the 
da»a. t. e, after 1931 m tbis example Plot tbe year 
(say 1941) along tbe x axis and erect a perpendicular 
Extend the drano graph carefully in contiiuation with its 
trend beyond 1931, and let it cm the perpendicular at a certain 
point. The length of this ordinate after consulting tha 
log-table will give the estimate of the population of 1941 

Extrapolation or forecasting will depend upon tbe constant 
rate of increase of the graph and on economic and other 
conditions governing the data 

For inierpolation, in general plot the obs nations along 
th" X axis and j-axis )oio the points by a freehand curve. 
To finda\alu“ of y corresponding to any value of x, erect 
a perpendicular thiough that point on * axis cutting the 
curve at a certain point. Read the valne ot this ordinate 
This will be an estimat- of tbemterpolated \atne In time 
senes the missing values for any particular year can thus 
approximatelv be found 
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(8) Graphs of Frequency Disirtbuitons — Frequency 
^distribution' are represeoled graphically by (i) Histograms 
BoUf Column diagrams or Blo^k diagrams, (») Frequency polygons 
f tand frequency cane, («») Cumulatiye frequency curve, 
lat . 

t) Histogratn — PJoi tbe class intervals along tbe axis 
of X, 'ideby aide Tike the first class interval and draw on 
*°^ita rectangle with the corresponding frequency as height 
Take the second class interval and draw a rectangle with 
^ ita corresponding frequency as height along with the first 
rectangle In thi way draw all tbe rectangles along with 
^^'each other for tbe whole frequency distribution The set 
rectangles so drawn wilf form a Histogram This »s 
Ip general use for a frequency distribution 

?ti) Frequency polygon and curve — Mark the central 
° values of tbe class intervals along x axis, and plot tbe 
''‘irequ'acies corresponding to tbe central values Join the 
plotted points by means of straight lines, the figure so 
“'formed will be a frequency polygon In a histogram if tbe 
‘middle paints of tb“ top boriaontal sides of tbe rectangles 
®are joined by straight lines the figure formed is a frequency 
polygon and if these middle points are joined by means of a 
vsmooth freehand curve, tbe curve formed is a frequency curve 
) or smoothed histogram This curve m most of the cases 
(IS bell shaped in form and is such lh<it its area is approximately 
(the^^same as that of tbe polygon or the rectangles Tbe 
diagram drawn on the annexed page is that of a Histogram 
and frequency curve Tbe middle points a,b,c,d $ f 
when joined by Ijoes will give a frequency polygon 

(ill) CumKlafive frequency curve or ogive*— Form the 
cumnlative frequencies and plot these along the vertical hoe 




Class iDtervals 
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at the upper limits oi the clasc interval®, marked along th^ 
horizontal axis Join the plotted points by meoDS of a 
freehand curve» The curve drawn will be a cumulative fre 
qnency curve or ogive 

For joining the points lines can also be drawn if the 
senes is discrete but for contionous senes where class 
intervals are small and number of observations great, 
freehand curve should be drawn 

The ogive is useful for locating graphically the Median, 
and Quartil's as follows Along the vertical axis mark 
the total number of frequencies and also Us middle point for 
median From this middle point draw a line para'lel to the 
« axis, cutting the ogive at certain point The distance o 
this point from* the vertical will give the value of the 
Median according to the «cale used In the same way, to 
obtain first and bird QuartiW mark |tb and |th distances 
instead of the middle point and proceed as for the median 

Interpolation may also be earned along tfa* ogiv* 
Deciles and Percentiles can al®o be located 

Example -^To draw the cumulative frequency curve 
for the following frequency distnhution and locate tbe 


Median . 

Class xnterxalsJf 1 j 

/ Frequencte& 

Cumulalive 


4 

Frequencies 

4 

6-10 (fft 

r i 

14 

11-15 (f ^ 

[ 28 

1 42 

16-'’0 ' 

49 1 

91 

21-25 

58 ' 

' 149 

26-30 

82 

231 

31-35 

87 

318 

36-40 

79 

397 

41--5 

SO 

447 

46-50 

37 

484 

51-55 

22 1 

! 506 ' 



46 


The adjoining diagram gives toe cumulative frequency 
curve The currulatives areplotted agam'^t the upper limit® of 
the class intervals 5 10 15 55 The poiuts are joired by 

means of a freehand curve 


i To locate the median mark the total frequencies 506 
along the vertical OY and then its middle po "t From 
this middle point draw a line pa allel to the horizontal OX‘ 
cutting the curve at the point Th- distance of th s point 
from the vertical will give the med an value 

^ Percentage cumulahve frequency curte — To draa this 
' curve first “Xpte®s each frequency as a percentage of th» total 
t nnmber then forn the comnUuves and plot them as m 
f the case of the ogive The curve drawn mil b“ a 
' cumulative percentage frequency cu ve and the able formed 
^ will be a percentage frequency tabl“ 

( The curie is useful for comparing and adjusting th« ' 
distribution® 

' H$itogra>n for unequal interval “—If a frequeocry 

(■distribution consists of same equal class intervals and a 
pfew unequal c ass intervals the bistogram can be drawn as 
j^iollows 

IT Mark tbe cla®3 intervals along the x bxis and erect 

^rectangles on tbe class intervals of equal magnitude with 
their corresponding frequcucics as ordinates For unequal 
P^class intervals notice the relation of their magnitudes to tbe 
srsqual cla's intervals If the unequal magnitudes are m times 
opsay) the equal magnitude ihen divide tbe frequencies 
orrespondiDg to itie unequal class intervals by m and 
aking tbe<e as Ordinates draw rectangles on the the 
thinequal class intervals Tbe s“t forectangles so formed 
^,^111 be a H siogram (e g Cxetctse III 15) 
jQ Lorenz Curve and Pareto Curve 


,{ Lorenz carve is employed lu order to measure the 
oncentraiion of wealth or income This curve takes th* 
ormof acumulativ* percentage frequency curve combiaiae 
he percent^,* of Hems under review with tbe percentage 
,f wealth or other factor d sinbuted among such iteL 





It IS useful for comparing the distribution of prc 
■over difTererent groups of basiD'‘s5 and showing d 
of a group The following example illustrates the methoc 
of the construction of the Lorenz Curve Consider 
follow ng data relating to the distribution of estates exceeds 
flO 000 m net capital Value 

Number and Capital Values of Estates to Great Bnt 
liable to Esta e Duty 1929 30 


1 1 

Cumula 

1 

Cumula 


Capital value , 

five 

CMMufa 

five Net 

Cclumn ( 

exceeding 'Number oA 

tive Per ' 

Capital 

as Per* 


Estates 1 

cenlage \ 

Values 

ceniages 

ti ! 

(2l 

(3) 

(4) 1 

1 (5) 

(£000) j 



UOOO 000) 

3 000 1 

2 

0 02 i 

\ 12 4 

1 3 39 

’,000 

6 1 

0 07 

162 

4 42 

1,500 1 

10 , 

0 11 

24 7 ■ 

1 6 74 

1 000 > 

15 ' 

017 

32 / 

1 8 93 

, 800 1 

20 

0 23 

36 i 

9 83 

600 

35 

0 40 

47 1 

1 12 86 

500 

45 1 

0 55 

52 6 , 

1 14 36 

-.00 1 

68 1 

- 0 78 1 

1 60 1 

1641 

300 

119 1 

137 

, 77 p 

21 16 

250 

158 

1 81 1 

1 86 4 

23 59 

200 

214 

2 46 

100 

27 31 

150 

317 , 

3 64 

1 1184 

32 33 

100 

581 1 

1 6 67 

' 149 5 

40 82 

80 

817 1 

1 9 38 

169 7 

46 34 

60 

U72 

13 46 1 

1 195 2 

53 3 

50 

1467 1 

16 84 

211 7 

57 81 

40 ' 

1971 ! 

22 63 

233 8 

63 84 

30 

i 2804 

32 19 

262 3 

71 63 

25 i 

3420 

39 26 

279 8 

7641 

20 1 

4418 

50 72 

302 7 

1 82 66 

15 

5925 

6800 

329 6 

1 90 00*. 

10 

8710 


366 2 

1 100 00 
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1 Connor Statistics / m thdory and Practice page' 
203 4 

e Procedure — (a) Convert the cumulatives in column (2) 
> in percentages, total being 8710 if in column (2) cumu- 
li latives are not Riven then talce cumulattive and then 

n percentages or first fom the percentages and then take the 

0 cumulatives The'e are gisen m column 13) 

* (fa) Convert column {4) into percentages, total being 

? 365 2 If cumulatives are not given in any distribution take 
) the cumulatives and then percentages. 

Draw the graph of the cumulatne percentages m 
® columcs (3) and (5) The curve traced will be the Lorenz 
' Curve, as shown in the diagram 

’ The straight line loining the extremities denotes the 

Mine of equal or even distributioo. The concavity of the 

‘'curve away from the straight line is a measure of con 
tration of wealth 

^ By drawing two or more Lorena curves, v/e may 

icompate income diainbutions at different times or places 
** Pareto s Law — If a cumulative frequency distribution 
pf incorres be plotted upon a double logarithmic scale, tb'^ 
ipoints will lie approximately upon a straight line 
, This IS Paretos Uw alter Pareto Utahan) This 
Statement is true of Great Bntam. United States, Germanv,. 
^'Briti'=h India and Other countries where it has been tested 

The following table and graph illustrates the Pareto s 

1 Law, with reference to Great Britain and Northern Ireland. 

Cumulative distribution of Jpcomes 1928 29. 



estates Met Cspttai ^lues 


Lorenz Curve 
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Income 

Number of 
incomes o/ 

Log (x, J 

Log (>) 

(x) 

(1) 

isx, of over (y) 
(2) 

,3, i 

(4) 

2.000 1 

97 696 

3 3010 

4 9859 

2,500 

7+,2U 

3 3^79 

4 870o 

3,000 1 

57 878 1 

, 3 4771 , 

4 76<-0 

4,000 1 

38 539 ' 

3 6021 i 

4 5859 

5 000 1 

27 722 j 

1 3 6990 

4 442S 

6 0 0 1 

20 975 ' 

3 7782 

4 3217 

7,000 ' 

16,544 

3 8451 

4 2186 

8,000 ' 

13,317 

3 9031 

4 124 + 

10 000 

9.163 

4 0000 

3 %'’0 

15,0 0 

4,595 

4 1761 

3 6623 

20 000 

2 781 1 

43010 

3 4442 

25,000 

1 851 

4 V70 

3 2674 

30,0C0 

1 324 

I 4 4771 

3 1219 

40,000 ! 

753 

1 4 6021 

2 8768 

50 000 

487 

4 699 

? 6S7S 

75,000 

234 

1 4 8751 

2 369: 

1,00,000 

130 

1 5 0000 1 

2 1139 


1 Coonor, page 200— 203 

Column (i) shows the income (x) and column (2) thi 
iititnber of incomes of / x or ever Columns (3/ and (4^ 
sboR the logarithms cf the figure* in columns (l) and ('’J 

Plcttiog the ogrithms we get Paretos cur\e, whick^^ 
IS approximatelv a straight line The sleeper the slop, 
ff the curve, the more equally i* income distnbut“d and t>«c 
verta. ' 


Parefos law is rot ecf'gnt*ed as a general la^ of in 
come distribution Pareto s cor\e can b** u^ed for iQterpnIatioi‘° 
and poi fnf extrapolation Mathematically the law i ” 
^-.*‘**”*, where y is th“ number of persons whose inccm®* 
isatl»ast r units fRupe®* ponn"* £s etcl a md fc sis cor 
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starts which depead oa (be coaotry or (be class of tbs 
commoDitv that is being considered In logarithms, the 
equation carube written as 

log 3>=*iog 0 — 6 log * 6 IS the slope of the curve, its 
usual value being 1*5 nearly 


Curves of the type y=aa'' and y = Bb* 
Y 



On a graph paper, any point may be taken as origin 
where the value of the variables v and y will be zero 
The positive values of * and j» are measured along the 
ines OX and OY respectuely The negative values of 
r and ^ are measured along OX' and OY* respectively XOY 
s the first Quadrant having x and y positive* 

A point IS represented by the values of * and y and 
s wrilten as (a:, y) 

In the first Quadrant XOY * and y are positives 
In the second Quadrant YOX', * is negative (-ve) bat y 
lositive (+ve) 



In the third Q uadraot X'OV^. x is — veand y is — 
the point (pt ) will be ( — *, — jr) 

In the fourth Quadrant XOY^, x is +ve and y is — 
the pt. being (x, — 3>) The value of x and y,x=—l a 
y— —4 are called the co*ordiaates of a point say P 
plotted m the fourth quadrant Such a graphical system 
known as Cartesian system. 

In the curve <» and 6 are constants, but x 

3) are variable and can have any values In the equati 
y = flx^, y depends upon x, so x is called the md 
variable and 3> the dependant vatiah’e Let us consider i' 
well known cases of this general equrtioa when h is pssiu 
say y “ * , ji = X*, y X* 

Allot values to x, as shown. 

To trace y«■x^ the values cao be allotted as 
* 0 , 1 2, 3 4 , 5. - 1 . -2, - 5 , -4. -5 . 

y 0 1.4. 9. lo, 25 . 1 , 4 , 9, 16, 25 

PLumg these points with co ordinate (0, 0) (l, 

(2, 4) - we gel the required graph , both the brand" 

going at an mdefiaite distance or luhnity, such a curve 
called the Parabola and the equation represents a 
Parabolic curie lying in the first and second 
quadrants. If the equation bad been y^^x 
the parabola will he in the first and fourth i 

Quadrant*. | 

The graphs of curves y*x*, y — x®, y= ® i e., of ev 
powers of b, will all he in the first and second Quadran 
The graphs of odd powers of x, i.e., of y'«x^ y = x® — w 
he in the first and third Quadrants, and y*x will reptese 
■a siTBigbt hoe ' 



52 


' The above method of pfottiog curves is general and i? 
ipplied for all curves id CarteMan system. 

Exponential Curvet — The curves gjven by, y— cfc'are 
illed Exponeotial curves The curve ts drawn by plotting 
he points, as shown m 3»“4* 

Points are * '0. i, 1, 2, 3. 

y 1, 2 4, 16, 64. 

-i -1. 

i- 5,J- 25. 

Plotting out these values, the curve is found to he in 
he first and second Quadrant In this way exponential 
urves of the form, y^ab' can be drawn 



Exercise 111 

1, Draw a bar Diagram to represent the turnover of a 
ompany for 12 years 


Rs. 35,000, 42,000, 43,500, 48,000, 48,500, 52,000, 
36,500, 54, SCO, lOO.OOO, 54,000, 112,500, 194 000 
2 The following table gives the Birth Rates and 
)eath Rates per thonsand of a few countries Represent 
lem by a Diagram (Sob divided) _ 


« 

I 

I 

Country 
□dia 
3 pan 
termany 
gypt 
'ustralia 
lewaetand 
ranee 
nssia 


Birth I Death 
Rate ' Rale 

33 I 24 

32 I 19 

16 , 10 

44 ' 24 

20 9 

18 I 8 

21 16 

38 I 16 
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3, Draw a percentage bar diagram for Birth Bates 
Death Rates m Q. 2. 

4 Represent the following £gares about infant m<^ 


tality m different cities by a suitable diagram, 


London Calcutta 

Bombay 

Maghpur 

Madras Par 

66 244 

274 

323 

251 93 

5 Draw the graph of the following time senes — 

yearSj Gross Profit 

^ Expenses 

Net r. 


Rs. 

Rs. 

Rs 

1 

7.900 

2.700 

5,200 

2 

5.500 

1,700 

3,800 

3 

4,800 

1,500 

3,300 

4 

*.‘00 

1,000 

3,500 

5 

6.500 

4.000 

2 500 

6 

9.C00 

5.000 

4.000 

7 

8, ‘00 

3,500 

1 5,000 

8 , 

7,000 

1 3,000 

I 4,000 

9 i 

6,500 

, 1,600 

1 4,900 

10 

6.200 

' 2,500 

( 3,700 

6 The foUowiug table 

gives details 

of the month 

BXpenditore of three families 

Represent them by a suitab 

diagram 




Items of Expenditure 

• Family 1 

Family Famil 



A ! 

B ! c 



Rs a. 

Rs. ' Rs, 

Food 


12 0 ! 

25 30 

Clothing 


2 8 , 

, 8 10 

House rent 


2 0 ' 

1 4 8 

Education 


1 0 ' 

5 1 7 

Miscellaneous • 


2 8 

8 15 


Total 

20 0 

50 70 


This IS an example of RactanguUr Diagram. , 

7. Draw sqaares for the following table which giv 
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;ie prodtsctioQ of wheat of the following coantnes id a cer 
iin year. 


'ountrt&s Quintals 

( 000 , 000 ) 


'□ited Kingdom 

12 





idia 


105 





gypt 


11 1 ! 

1 , 

_ 

- 


S A. 


230 1 

I 




Africa 


3 1 

1 




anada 


108 1 

1 


\ 


.S S.R 


289 1 ! 

1 , 






USSR 


u s"a 



8 Draw the following diagrams on a Icgaritbmic 

: scaie 

ir Q 8 and 9. 






United 

RiDgdccn Receipts for Super Tax 



Year. 

f91I, 

1912. .913 

1914, 

1925, 

1916. 

^(000) 

2891, 

3018, 3600. 

3339, 

10120 

16788, 


1917. 

1918. 1919. 

1920, 

1921, 



19140, 

23280, 35560, 

42^05 

55669, 



1922, 

1923. 1924, 

1925, 

1926 



61350 

63910, 61747, 

62989, 

67635 


9. 




Acreage of crops 


1920 

1921 

1922 

1923 

1924 

1925 


A) (000) acres] (B) acres 
1949 ' 13050 

2040 8335 

2034 8415 

1799 165,23 

' 1594 32637 

' 1550 56243 


10 The followicg figores gives the quantity of sugar 
" oduction in the follcwitg ccaointe Reptesert them (l) 
T Circles f'’! by sectors (3) by cubes 



53 


India 

ProdMcfton o/ Sugar' 
itt Quintals 
{000,000] 

20 

Egypt 

1 

Cuba 

32 

Java 

30 

.^.QStralia 

5 

Japan — 

1 


11. Rcpresenl the. data in Q 15 (Ex I) by^a suitable 
diagram 

12 Draw Histogram, (reqaency polygon and curve 
for the data in Q. 16, 11 and 12 (Ex. 1). 

15. Draw the frequency graph for Q, 25 (Ex. I ) 

14 Draw the cumnlative frequency curve for Q. 26 27 
and 24 (Ex I) and locate tbe median and Quartiles Compare 
the velues obtained by actnal calcolation. 

15 Data showing tbe Intelligeoce Ratios ol 1000 < 


children Draw : 

3 Histogram. 



' 125—139 

23 

85— S9 

159 

115—124 

40 

80—84 

133 

110—119 

37 

75—79 

89 

'05—109 

71 

65—74 

83 

100—104 

90 

45—64 

29 

95— 90 

134 


— 

90— 94 

132 


1000 

Hint , — This 

IS an example in which class 

mterial' 


written from tbe highest to tbe lowest. It is to be noticed 
tbat tbe last two class loteivals are of unequal msgnuade. ^ 
TberefoTe the frequencies, for the purpose of drawing will 
be; for 45 — 64, which will bate a base four time*, iban the 
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equal interval (5) the freqaency i>^29, in order (hat Us area 
nay repre'ent a frequency cf 29 Similarly the height of 
he Ka tangle representing the frequency of 65~74 will be 
rX 83 Rectangles are to be drawn side by side 


16 Repre'ent the following gfaphicaliv 



(A) 

(BJ 

Total 

193p 

130 i 

1 3-0 . 

500 

193f 

no 

260 f 

370 

193/ 

134 

256 

390 

1058 

146 

244 

3‘-0 

1939 

159 

286 

445 


//int —This IS a subdivided Bar diagram for each year 
with ibe gnee totals 

17 Draw a Histogram and frequency pulygan for the 
Follow'rg distribution 


lUfirtet o/ 
c’oudtnesa 

10 

9 

8 

7 

6 

5 


Freijuency 

580 

150 

196 

75 

55 

<0 


Degrees of 
cloudiness 
(*) 

4- 

5 


0 


Frequency 

45 

68 

75 

130 

220 


Hint — Take x as tbe central values and then plot. 

, IS Draw a cumulative percentage frequency carve 
j-forQ L5 

1 19 Draw the graphs of the following curves y = x , 

» 4 1 I -,.1 

y-*’ ,=2'.>=^'r 
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20 iJraw Lorenz curves for tfae comparisoa 
of two groups K and B m basioes^ 


of profi 


Total amount of profits 


No of Companies 


earned by Companies tn each Division 

in each Division 


Rs 
600 
2500 
6QOO 
8400 
10 500 
15 000 
17 000 
40 000 


Groif^ A 
6 
11 

13 
U 
15 
17 
iO 

14 


Group B 
1 
19 
26 
14 
14 
13 
6 


21 Construct an ogive curve for the following frc 
quency d stnbutioa o' Cotton Mills lo Bombay according t 
the quaoit) of Cotton consumed and estimate the value o 


the mediao from the curve 

Coffon Consumed No of 
m thousand Miffs 
candies 


0-2 5 

2— 4 13 

4— 6 12 

6 — 8 11 

8—10 8 


Cotton Consumed No of 
tn thousand Mills 

candies 


10— 12 4 

12— 14 1 

14— 16 3 

16— 18 1 

18— 20 1 

over 20 2 

OA Hont 1941) 


22 Represent diagramaticaily the following data 
regarding the operation of imgatioQ works in India 
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Province 

Area irrigated 

IN Acres 


Rabt(1926 27) 

iladras — 

1.003 065 


iombay 

1,128,594 


iengal 

447 


J P 

1,778 645 


^unjab 

6 084,838 


Sibar & Orissa 

97,858 


: P & Berir 

9,165 


ij W F Province 

182 574 


Saluctaistaa - 

11 470 


^jmfr Mewar 

22 550 

(BA Hons 

tS41 ) 

23 Tbe follQwiDg table gives tbe DopuUtois of tb< 

Jaited KiogdocQ and India 

at the time of 

the last seven 

eosuses — 




Po^ufnfton IK lacs 

V«Ofs 

Vmled 



Kingdom 

India 

1871 

315 

2062 

1881 

349 

2539 

1891 

377 

2873 

\901 

415 

2944 

1 19U 

452 

3152 

1921 

471 

3189 

1931 — 

490 

3515 

Represent the above figures by curves in a logarithmic 

cale Fstlmate the population for 1941 



WA 1939) 
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24 From the date given tn Q 17 Exercise I, draw 
the graph of the accumnlated frequencies and hence 
obtain the value of the median 

{Indian Audit and Accounts Service Exam 1941.) 

25 Draw a coramnlative frequency graph of the 

distribution given lu Q 18, Exercise I, aud calculate the 
values of the median and Qnattiles A 1943 ) 

26 Draw a Bar ’ or * Pie Diagram to represent 
the followiog data — 

Output and cost of Production of Coal 


Cost per ton disposable 
commirctally 

1924 

1928 

Wages - 

1274 

7 95 

Other costs 

546 

4 51 

Royalties - 

0 54 

0 50 

Total 

1876 

12 96 

Proceeds of Sale per too 

1991 

12 16 

Profit ( + ) or loss ( — ) per ton 

1 15 

—0 80 


(B A Hons 1943) 


27 The following frequency distrihntioas shows the 
sninher of live stock held by 100 farmers in a tahsil of 
Bombay Province Draw a graph showing the comulative 
frequency curve for this distribution and find the two 
Qoartiles and the median (ill. A 1942) 

Live stock units 1, 2, 3, 4, 5, 6, 7 
Nnmber of farmers 1, 13, 30, 25, 16, 9, 6— )00 

(M A 1942) 
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28 Represent graphically the following data foe 
apital outlay and Gross eamiitgs of class I railways in 
India — 


(/ft iUlltont of pounds ) 


Years 


Capital 

outlay 

Gross 

earnings 

1923 24 


464 

70 

1924 25 


473 

74 

1925 26 


487 

73 

1926 27 


505 

72 

1927-28 


594 

86 

1928'29 

, 

599 

86 

1329 30 


617 

84 

1930 31 


627 

77 

1931 32 


631 

71 

1932-33 


638 

70 

1933-34 


635 

72 


(B.A ffofi* 1942) 

29 The (ollowrng <4 figures give ig arbiUary nnils 
the tneasaretnenls of hardness on different specimens of a 
certain alnminintn die casting — 
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Sfiectmen 

Hardness 

Si>£c>men 

Hardness 

1 

53 0 

23 

64 3 

2 

70 2 

24 

82 7 

3 

8t 3 

25 

55 7 

4 

55 3 

26 

70 5 

5 

78 5 

27 

87 5 

6 

63 5 

28 

50 7 

7 

714 

29 

723 

8 

53 4 

30 

49 5 

Q 

82 5 

31 

71 3 

10 

67 3 

32 

52 7 

n 

69 5 

33 

7 56 

12 

73 

34 

63 7 

13 

55 7 

35 

69 2 

14 

ass 

36 

614 

15 

95 4 

37 

83 7 

16 

51 1 

38 

94 7 

17 

74 4 

39 

70 2 

IS 

54 1 

40 

80 4 

19 

77 8 

4i 

76 7 

20 

52 4 

42 

82 9 

21 

69 1 

43 

55 0 

22 

53 5 

44 

84 8 

Group 

the data into a 

frequency 

distribution and 


draw the coirespoodins bistogram and freqaency polygon 


(e A Hons 1942 ) 
30 The following table gives the number of motor 
cars produced lo three coantn^s during the years 
1929—1937 — 
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(Figures are given in thousaflds) 


Year 1 

Germany j 

1 Prance, 

UnxUd 
i Kingdom 

1929 1 

i 96 1 

\ 254 

211 

1930 ] 

74 * 

231 

241 

1931 

1 68 

201 

226 

\932 1 

1 SO 

17'? 

24 S 

1933 ' 

I 99 

189 

296 

1934 

1 172 

187 

355 

193i 

245 

166 

417 

1936 

302 1 

1 203 

481 

1937 

‘ 332 

200 

493 


Repteseni the above figures by curves oo the arae graph 


paper and give necessary comment*. 


(M A 1941 1 


51 The iotloffiog table gives tbe birtb rate and death 
rate of a feiv countries of tbe wctld dunog the year 


1937i - 

Name country 
Egypt 
Canada 
United States 
Mexico 
Argentine 
India 
Japan 
Germany 
Austria 
France 
N eway 

England and Wales 
Switzerland 
Australia _ 


Birth Rale 

Gtath Rate 

43 5 

27 2 

198 

10 2 

1/ 0 

11 2 

40 0 

23 9 

24 0 

tl 9 

3*5 

22 4 

30 6 

17 0 

18 8 

It 7 

12 8 

13 4 

1*7 

15 0 

15 3 

10 4 

14 9 

12 4 

150 

11 3 

17 4 

94 


F.epie*ent the above Ggntes by a suitable diagram 


(M A 1941 J 



CHAPTER V 

DISPERSION OR VARIABILITY AND 
SKEWNESS 

The \verage or the typical value is not of much i’'« 
■unleee the deg ree of Vatiatioa which occurs about it 
in other wQrd$, it should be known as to what extent thi 
average is typical, or how the items vary lo size 

Dispersion or Scatter or Variation or Variability la t 
[ Measure of the extent to which the individual items vary i 
the ‘catter about the me^ure of central tendency u 
Urge, it IS of little use a» a typical value 

Measures of Dispersionare also called Averages of the- 
second order 


Measures of Oisper<oo are 

(l) The Range, (2) ^uarhle Deviati^ or Serni inter 
quartile Ranie, (S' x ^ean Uevia^ ign w Average Dev 
ation, 14) Standard Deviation^ 


The Range, the simpiMt of the Measures, is the differ 


ence b elweea t lj" ^n d^maxiau m (smallest and the 

largest) Items in a series As the range depends upon 
stze ^of ext reme items, it is not a satisfactory measu re ot 
Dispersion 


In the senes 60, 61, 63, 65. 67, 68, 90 
Range is 90 — 60*30 


(2) Quartile Deviation or Semi interquartile range i# 
given by where Qt and Q, are the lower and upper 

qoarliles ' 
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(3) Me an Deviation i3 generally calcalated from the 
medjap ^It can also be calculated from the Arithmetic Mean 
It IS the average of tbe deviatior*: cf the items from the 
Median or Mean deviations being taken positively or Mean 
Deviation^ — where d stands for deviaiioo from 

Median or (Mean' taken postUvely neglect eg cet^ative signs, 
« being the number of items in the ene® For grouped 


data. Mean Deviatiou — 


2/l d 


I where d stands for de\ la 


tion of tbe central values from tbe Median or Mean n being 
the sum of frequencies 

I I <f J loSTcafeT^eviatioos taken positively 
Example 


Claes 

intervals 

2—4 

4-6 

6-8 

8—10 


Central 

values 


/rtquenetes 

I 


fd 

b 

0 


Median“4+|(V'“3) = 5 and 


In a frequency distribution with unequal clc's mter\ •'Is 

: be Antb Mean instead of ih- Median «hould be u^ed 

Standard D eyiario w and Variance — Stapdard Dei lalion 
IS ea lcalateJ from ihrl Ai.lb It is e.^JTbTTbe lor sola 

[l) for ungtouped data 

s d or o- or S = , where d stands for de\ iaticE= 



of tbe Items from the Arithm“U 
of Items (2) for grouped data 


c^orS^ where d stands for th' deviation 

°f the central %alues f om the Antbraecic Meafl »» being th 
sum of all the frequences=E f Tbe square of the stand at 
deyiatiop is called Varittpce 

Bx 2 -^0 find «r for 1 2 3, 4 and 5 Arithmetic Mean 


brjuares of tbe deviattocs of these items from 3 
I 0. I 4 

4+1+0 + 1+4 , 

5 

Bx 3 — To find the Variance and standard deviation 


S d 


. y/ 2 414 


the following freqnency di^tri 

''•*51 

ibutiou — 

S’ / 

d 

d* 

/d^ 

1--3 

2 1 

40 V® 

-2 

4 

160 

3 5 

4 I 

30 

0 

0 

0 

0—7 

6 I 

I 20 IV 

2 

4 

80 

—9 

S 

I 

10 

1 100 

4 

16 

160 ! 

400 

Here Anthn etic Mean' 

S fx 
2/ 

- ■‘^51 = 
100 

4 



2/d =405“ and « = 2/=100 

Variance = 4 and 

lOJ j 

Stait^ard^i^tioa <^=2 * 

Shon cufmeWod for finding the Standard Deviation 
Tbe short cut method avoids tbe labour of finding the Anti 
metic Mean. Any convenient Provisional Mean can be taVe 
and the following foitnula is then u«ed 
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atiODS of the ceotral values from the Frovisiocal Mean 


In the case of the ungrooped data, the above formula is 
used without / D being the deviations of the items, from 
Provisional Mean n being the total number of items 



Example 3 can be solved bv taking a Provisional Mean 


/ 

40 


/ D 
-160 
- 60 


/{D)^ 

640 

120 




<^« 80 P 

100 \ 100 / 


therefore ( )‘'=‘2 as before 
CharaciertattcS of standard deviation 


The s d IS affected by the value of each item It is 
the uest measure of dispersion It is the least erratic, is 
suitable for arithmetic and algebraic manipulation and is 
used for higher statistical operations while the Mean 
deviation is not further used 


Quartile Deviation is easier to calculate than standard 
deviation, but it is liable to be erratic. 
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Relative Measures of Dispersion 

Th“ measures given above are absoiuce measure^ « 
dispersion and the resolting \alues cannot always *■ 
compared with ‘ignifican^'e 

To relate the measure ol dispersion to its average 
tocoo\eitit to percentage form the standard deviation 
ditided by ^nibmeiic Mean This measure is known a 

Coefficient of Variation given by CV^ — and i 

M^an 

generally used for comparison of Variations or Varibihty ''f 

two or more quantities — — — is called the co efficient 
Mean 

Standard De\iai on In Example 3 C\ * — “50 

Other comparaiue co efTcieots of dispersion are 

Qu&cUle CO efficv'iit of Dispersion ^ lOQ 

Qj+Q 

Mean co efBcient of Dispers on 

Me<n> Oeviaiion X 100 ^ 

^ Median or Arithmetic Mean it used) 

Skewness -“Besides Aierag® and Dispersion skew 
ness IS al o a measure to study the distributions Skew“ 
ness IS a term for the degree of distcriion from symmetry 
\\ hen a distribution IS ^ymmetiical the values of the Mean 
Median and Mode coincide bkewtiess has the eftect o f 
pulling the median and Mean away from the Mode some 
times to the right and sometimes to the left When the 
Mean is greater than th* Mode bkewcess is said to be 
positiie It is n»gatne when Mean ij> less than the mode 

A large number of frequency distributions occurring in 
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practice, fall into four types — the symmetrical, the 
moderately skewed or asymmetrical, the extremely skewed 
or J-shaped, (in the form of alphabet J) , and the U-shaped 
type (m the form of the alphabet U) , 

The figure for symmetrical curve will be found m Nor- 
mal Curve. (See Chap. XI) The somewhat departure for 
this shape will give a moderatly skewed curve 

The co-efficient ot skewness that is the measure of 
skewness commonly used is given by the formula 

■: Mean- Mode dCMean-- Median) 

For a symmetrical distribution, the co efficient of 
skewness will be aero. 

The second formula is based upon the fact that in a 
skewed distribution the median does not lie exactly ball 
way between the Quantles 

The co-efficent is also given by 

Qj+Qij^^ Medi^ 

Qj-Q. 

The two methods are based on entirely different 

principles and the results obiamed will be different 

For a synimetncal and moderately skewed distribu- 
tions, mean deviation is about t standard deviation and the 
Quartile Deviation is § ir (approximately) . 

Exercise IV 

Weekly Wages Workers 
1 — Find the mean devia- Rs 2 4 20 

tion and mean coefficient of „ 46 40 

Dispersion for g.g tq 

.V 8-10 10 

_ Am ~;‘27 
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II. — Find the average de\iatioo and the standard dw 
viation of the following — 

(a) Rs 300,400.700.200,600,500,100. 

16) R" 120, 60, 80, 20. 100, 40, 140. 

^ Afis (a) Rs 171 4, = ' 

(6) 34 28, <r = 


III — Find the standard deviation of the height 
10 men Inches 64, 65, 73, 70, 70, 70, 69, 68, 66, 75 ' 

t Arts 3 15 

IV.— Calculate the Mean deviation (M D ) from 
the Median and the Mean, and compare with the stand 
deviation. 

Rs 20. 18. 16 14, 12 10.8, 6. 

Frequennes 2, 4, 9, 18, 27, 25, 14, 1. 

Ant hU%an, . AI.D , A AID, «■ 

- !' "/f, 224 2 It 

'■"'v —Compute the S D and Q D. coefficient cr 
variation and of skewness for the frequency distribution 
wages 


Rionthjy Wages 

Rs. 12 5— 17'5 

,, 17‘5 22 5 " 

„ 22 5— 27’5 

.. 22 5—32 5 

32 5— 37 5 
37 5—42 5 
„ 42 5—47 5 

47‘5— 52*5 , 
.. 52 5—57 5 


fio of Wage 
earners \ 
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(MSc, Agrti 

1943 , 

Punjab Uftit.enstt‘ 
<' = 8’85V 
CV=31-S.'/ 
QD-5'145, 'J 
SK = '^ nearly 
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VI “—Calcu'ate me mean and standard deviation of the 
ollowms values of the WorUrs anoual gold output (in millions 
pounds) for 20 difTereot years — 


91 95 96,93, 87.79 75 69, 68,67, 78 S2 83,89,95, 
103, 108, 117, 13'J, 97. 


' VaIsq calculate the percetage of cases i>ing outside the 
•nean at distances ±S, ±2S, ±38. where S denotes standared 


deviation 



{BA Hon$ 1942). 
Ant Mean, 9015 S = 35^\e,5, and 0, 

From the following frequency table of Marks 
1 Practical Exam Calculate the co'effisient of 


kewne**. 

Marks 10 11 12 13 14 15 16 17 18 

Candidates 26, 201. 673, lOOl, 739. 310 80 13 1 

{AUgarit M.A., 19i8) Ant lOi 


Vin.-~-In Q‘ 18 hx I find the standard deviation and 
he mean Deviation 

(a; A 1943) Ant 543 ,'432 
IX — Calculate the standard deviation of the chest 
neasurements in Q. 19, Ex 1 Ant. 2'05. 

{Puniab Af A. 1943. Altgarh M.A. 1941.) 
i X**~0)btain the standard deviation for the distribution given 
•nQ. l7.Ex. I. 

(Indian Audit and Accltt Exam 1941) Ans 552. 

the standard deviation of the rainfall m 
•*— J»«naq 1 from the following 
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District 24-PaTgaQas, Murshidabad, 

Raiofall la inches 17*36 19’17 

(1939 July) 

Khot, Burdwan, Midaapur, 

22*99, 17 14*19 

Rajshai Dacca, Chittagong, 

21*23 27*10 40 97 

Coocb-Bihar, Hoogly 
26*58 17 67 

(B.A Hons. 1941) Am 7 356 
XII — Calculate the co*efficieat of variation for the pro- 
duction of Motor-cars. Germany, France and United King- 
dom, data given in Q 30 Exercise III 

(flI.A 1941.) Ans 63 59 , 13 01 , 30 35> 
^XIII—Data for Weekly Records of Temperature 
(FahrenheiO' 

Temperature limits 25 S— 29 5, 29 5— 33*5 33“5-~37’5, 

Records 119 

37*5“4r5. 4r5--4S*5 
11*5 28 

45 5-49*5. . . 

31*5, 36*5, 30 5, ITS. 30, 26, 

77*5—81*5 

13*5.4, 3 

Compute the mean, median, standard deviation, quartilc 


deviation. 

< 

A«i 55 1 , 54 9, 10‘33, 7'9 

XIV.— ;r 

f 

* 

/ 

3 

5 

38 

79 

8 

9 

43 

50 

13 

28 

48 

37 

18 

49 

53 

21 

23 

58 

SS 

6 

28 

82 

63 

X 
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^XV ' — Calculate the staa^id deviation and co efficient of- 
/ariation for 

Marks ) 10-20. 20-30, 30-40, 40-50, 50-60, 60*70, 70 80 
'o of students ( 5 12 15 20 10 4 2 

Represent the data graphically. 

{Hyderabad Utiiver$ily B A 7946] 
j Atts- ” = 14 3 

cv=85J 

XVI -“Compute the Qoarule Deviation and co efficient oJ_ 
variation for the data in Q 29 Ex 1 \lso determine the 
value of quartile deviation graphically 

(Indtan Atidtt and Accfts. Exam. 1945). 

Ans. 1354,1224 

/XVll. — The following is the frequency distribution of 
‘percentage butter fat. in samples of milk of individual cows to 
a herd Calculate any one of the three measures of dispersion 
state the relative meiiis of the three as measures of a distri- 
bution Percentage butter fat. 2 — 2*4, 2 4 — 2 8, 2 8 — 2 12 

8 8—9 2 

Frequency 1, 4, 6, 19. 63, 85. 111. 95. 79, 53. 28, 16, 12, 
9. 1, 2, 0, 2 

Indtan Audit and AccU* 1943) >tns ” = 9 5 nearly 
/ XVIII. — Calculate the standard deviation for the following 
data of ‘ Difference in age between husband and wife in a 
^ particular community. 

Difference in years 0—10, IQ— 15, 15 — 20 20 — 25, 25—30, 

I Frequency 700 507 28i 109 52 

30—35, 35—40 
16 4 


(eCoOT 1945) Am. (777. 
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XIX — Compute the standard deviation for Q 27 (Ex 1) 
(Hyderabad 1945) 

Ans 10 O 

\X —Given sacs as Rs 230 iSf 582 799 1035 fo 
5 years in 1927 — 35 

Find the co efficient of variation 

(B Com Supp. 1945) Ans 46 
— The fallowing table gives the index numbers 
wholesale prices of cotton manufactares and wheat m Indi 
for ten months, from January 19l3 to October 1943 lodicat 
which of the two goods bad more variable price 
Prices for week ending 19th August I®39 « 100 
tCapital June 29, 1944 

Index 0 * Cotton 415,427 437 469, 505 513 493,426,4 
417 

Index of Wheat 252, 532,312 30B 523,550 346,571,* 
380 

{BA ficns 1945} Ans Whea 


I 



CHAPTER VI 
INDEX NUMBERS 


An index n u mber »s a stat istical device for estimatiOR the 
lative movements of a vari ate, m cases where mea’^urements 
Us actual Riovemeots are mcaovenient or not possible 
idex Numbers have gained great importance id almost all 
anches of scientific inquiry We may have index number 
prices, cost of living, index numbers showing changes in 
lemploymeat, production, investment, industrial activity, 
asiness conditions, health and academic grades etc 

The index number will measure fluctuations during 
tervals of time, group differences of geographical position 
degree, and it cann ot do more than show a gene ral 
ndency 

' Construction of Index Numbers — The technique of 
number constrnecton involves the following proce‘8 
(d) Choice of items to be included The items selected 
ould be representaave o( the tastes, habits, Of require 
ents of tbe class of tbe purchaser concerned The 
imber of items should be faiily large. To compare 
anges in tbe general level of prices in a given period of 
ne, we should have 

1 (!) Selection of representative CoaimodUies 
^ (2) Selection of representative places for each 
( Commodity 

1 D) Regular and reliable quotation of prices from the 
lepreseotatwe places of commodities Wholesale 
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T&) The form of Averaije to be used 

(e) The selection of the Base 

Cd) The weighting system. The desigoation of the 
■degree of relative importance of each constituent item is 
Icnown as weighting 

For ‘imple Index Numbers, tbe first three methods 
are sufficient ' 

Chatce 0 / B»se — With the Fixed Base method, a^ 
definite year or average of a period of years is chosen and 
adhered to for a long time Tbe period selected «bou)d 
be a period of normal conditions and free from fluctuatioos 
and disturbances likely to affect tbe index This Base is 
taken as 100, tbe price for Ibis is takes as basic for (he 
tiurpose of calculating Index Number 

Indez Number for a particular year 

^ Pri ce of the particul ar year 
Basic price 

If the ba«e price is R** 5, then Index of a particular 
Tear when price is Rs 8 is gX100»160 Thia is aJsc 
called a ' Relative • or the Percentage price and fr 
combination of soch relatives is called the ‘ Index Namber 
m tbe general lorro Add all tbe relatives and divide by 
•namber of items to get the general Index or Index N 
•of Prices for the commodities 
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Example — Gtien 

RtlaUcti during the years 


Commodity 

1914 

(Base= 

100) , 

1923 

1931 

Wheat 

100 


170 

72 

Rice 

100 


192 

70 

Sugir 

too 


195 

95 

Ghe“ 

100 

.-J 

187 

92 

Wood (Fuel) * 

100 

185 

92 

Gold 

100 

150 

180 

Index Number of Prices 

600 

6 


1079 

6 

601 

6 


«100 

1 

» 179*8 

-lOO'J 


Here we have used arithmetic mean as the average, 
it if the geometric mean >$ to be applied, then the Icdez 
amber w</f be obtaiDed by muftipjying (be -reiativea and 
len takiag the 6tb root as (be number of commodities m 
IIS example is 6 (in gcoeral n tb root, where n is the 
amber of commodities). Logarithms should be used for 
,rge numbers Harmonic Mean and Median can also used 
5 an Average but m practice, A Mean and Geometric 
[eao are frequently used. Geometric, being preferred 
iving better results I 

Chain Base Method , — -With the cbaiu bas© method, 
ach year is calculated upon tbe preceding year as the 
ase and the results are Iinhed together afterwards as tbown 
□ tbe example 

'Statist' Index o( Sugar, lea and Coffee usmg Cbaia 
3 a<e system, Relatiies gives. 
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Year 

Sugar Sugar 1 
1 ll 1 

Coffee 

Tea 

Total 

Average 1 

Chain 
^ Index 

1921 

1922 

SIR 


119 

1 128. 

55 

82 

332 

326 

»f'’=83 
81 5 ^ 

83 

83X1QC 



lOS-^ 

J49 

" 403 

100 8 - 

lOJ 


( { 






•=83 

1923 

^104 

V-87 

1 111 

100 

402 

100 5 ' 

83 7 X 13 


1 






100 


1 168^ 

161 

87-" 

122 

", 538- 

134 5 ' 

= n 


Explanaiton — Given the Relatives for 1921, 192 
1923, for lour commodities Find the Average for each y f 
Take tbe year 1921 and 1922 faking l921, as the ba 
with chain tnd»x 83, con8tra''t relatives for 1922, so ' 

for Sugar I we shall have “76 nearly. Similarly! 

other commodities we have 70, 108 aod 149 Take l 
average of these which i$ ICO 8 Multiply this avera 
by the change lodex of 1921 and divide by 100 to get t 
chain index for 1922 which is ^ »*83 7 


Next, hod tbe Relatives for 1923 taking 1922 

w c ,101X100 

base, we get for bugar I 


62 


= 165 and so on To 


the average of these and multiply it by the chain i 
of 1922, thus we get chain index for 1923. 

_ 134 5X837 


100 


* 1125 


In thi, way we proceed further chaining each y 
with the preceding 

Cham base method provides a direct comparison I 
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Ween each year and the nexti which is more interesting, 
to commercial people than indirect comparison through 
»he medium of a possibly remote base 
Weighted Index Numbers 

There are two methods of weighting the indices o£ 
prices 

(a) Wetshted Aggreg ait o/ aUval pric es —W beO:. 
actual prices of the commodU^Sg_ or item are given and 
I'sD the quantity of each item the quantities produce d in 
some hxed peri od suc h as m e ba^e yea r ma> be us ed 
as weights 

The index IS obtained by compaiiog tbe weighted aggre 
gate (total) for the given year to that of the base year 
The formula for index number (Base year weighting] is 

^ where p» represent^ the prices lor the ctarr enL 

ii fio 4o - — 

lear for which the Index is teamre d , th us lor one p^t icular 
lear pt, f or second j>j, 

go represents actual quantity of the base year for each 
Item 

po represents jhe actual price of the base y^ r for each 
Item 

To find the index for a particular year, multiply ihe 
irice of that year with the corresponding quantity forj be 
lase yea r and add the products for all the item s Divide 
bis snm by the su m of the prodncta PoXgp Multiply ihe 
e«Ult by lOQ to Ret the Indev Nnmb er 


However, sioce conditions change, the quantity of the 
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commndtties pfodnc^d in any ooe fixed genod will not 
a good Tnpasn rft of thetr relative importance for all 
peii^s. To meet th\s objectwa a set of weights wbic- 
change every year may be nsed. T has the cip aptity^ 
in eac h given year may be osed as weighty whe n c OQ 
sliu<A\Qg the index nn mbet tor that oatticalar oen od 

The formula can then be written as (current ^ 


weighting) 

I where represents the quantity for * 
i (Po 9n I 

particolar year a nd i-n its price . So for first year we can ha\ 
Oi the quantity and pi the price, for second year pt and gj ft 
quantity and price respectively 

If fixed weights are used, tbs fotmnia will be 

wh«t^ «• stands for the weights. If tela 
to go - . ■ — ■ ■— 

tives and weights are given the weighted Index Ko. is obtaice 
by mnltiplyitg the two and dividing the snin of products b 
sum of weights 


The above formula: are suitable for use with either th 
fixed or tbe chain base methods. They are to be multiplied b 
100 to get tbe Index Number i 

Fisher’s Ideal Formula.— It is the geometric mean c’ 
the fijst-TWo formulae Index for a year 

^ S OO i’ll y S 9>l ' 

S qo Pa S ga fa 

This IS also called a cross-weight formula. 


There are over 150 formal* for Index Numbers but be; 
we have given tbe widely used one':, which may be c 
according to the nature ol the data 
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I (6) We ighted Averase of Rela tive s or R ati os. M ethod 

In this method the urice relatives nlav the part and not 
^the act ual prices a s in the former method The formula with 
base year weights, 

X(ftim) j 

9a) 

Here the price relatives (i) are weighted by total 
expenditure 'in qo) 

Through cancellation this formula reduce* to 
mn 9 o) 

L(^9 9o) 

If current year or given year weights are used the 
formula is 

, ] 

£(#>•* 9n ) 

For one year with p , price and gt the quantity 

9>) 

Index Number Tests '—There are two fundamental 
methods for te ting the consistency of the Index N umber 

(l) Time Rtvtnal Tetf — Let the index of a year say 
1930, computed with base (1928 = 100 ) be 2 00 reconstructing 
the Index Numb er for 1928 with base 1S 3Q, the index should 
be, by Time reversal equal to reciprocal of 2 00, i r . i = *5 
1928 1930 

Index 100 2 00 

S 100 



Cr(yis»mqltiplying the Index nombsrs should give a v^' . 
of I’OO, smce thste are reciprosals. The test may be 
as; If ths time suhsctipts of a pace or (qaxatity) inds'’ 
Dumber formula, be laterchaDged, the resultiog price i. 
(quantity) forcnala should be reciprocal of the original formula 

Take the formula aod change the time 

S i’o 90 

scripts, It becomas . Multiplying the two the resu 

2j ^0 9o I 

IS not equal to unity (one). 

The Arithmetic Average of Relatives is not reversible 
The result of calculating the current year apio the b^, 
year does not agree wilb tbs result of calculating tb» 
year upon the correal year. Ths otodjct of the two t 
greater than 1 and not equal to 1 as u ought to be. 

The simple geometric msao is reversible With tht 
geometric m*ao, the fixed ba>e and chain base mstho'l 
»gtee, though it is rather ttoubUsome to calculate th 
geometric mean 


Fisher's ideal Index Number meets the test 


Factor tteversal Test . — The index of prices can be 
obtained by any of the methods, for example, take i 


formula ^ 

2 {t>a 9o) 


An index of the quantity of production can ha obtaioet 
by reversing ths posittoo of ths price figures (p) with ths 
quantity figure (q) and so it is 
2 (g» fr )) 

£(90 {% 
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The factor reversal test says that 

AjblA .hooM be- , 

^ go £(go iw go 

t.e., if p g (actois be intercbaDged m a formula the 


product of the two should be equal to 
Fisher’s Ideal Index Number 


S Pni 
S ^ go 


/^^n_go ^ S_^>» gn transforms Itself into 
» E ^0 go E *0 gn 

(by interchangiDB p aid X 5 '^•t.P* 

V 2. go po ^ go Pn 

Moltipiying the two ideal indices, the result is 

_ S pn gn ^ 

E pa go 

Fisber’s Ideal Index Number is called ideal, as it meets 
both the tests 

Quantity Iftdtx Numbers — Tbe Index Numbers can be 
used to measure cbanges in quantity groups as well as 
price changes Index Numbers of this type are applicable 
to the measurement of changes in business activity, industrial 
productioo, etc The method of construction ts the same 
for Quantity Index Numbers as for Index Numbers of prices. 
The simplest form is J< 100 

Where Sgn denotes the sum of the quantities in 
any current or given year 
Ego denotes the sum of the quantities in the 
base year 


The weighted aggregate form for measurement of 
E^o g* 

quantity changes is v/ ~ i with base year weights 
M<1 Pa r 

(where pe may be the price or some weights). 



and with current or giveo year weights. 

lip» go 

Excereise V 

1930, 1931, 1932, 1933, 1934, 
Rs 4 5 6 7 7-8-0 

1940. 1941. 1942, 1943. 

10 9 10 11 

Find the Index Number (•) by taking 1930 as the 
Base (2) the a\erage of the first three years as base (3) 
1940 as Base 

A«s. {1) 100, 125, 150, 175, 187 5, 250, 225,250 , 275 

( 2 ) SO. TOO. 120. T40, 150, 200, 180, 200, 220 

(3) 40, 50, 60. 70, 75, 'TOO, 90, 100, 110. 

^ 11,— Years 1921, 1922. 1923, 

Bank Deposit Rs 0000, 34,845 37,194 40,034 

1924, 1925, 1956, 1927 

42,954 46,766 48,882 51,133 

Calculate the Index Numbers for the Deposits for each 
years taking 1921 as bdse, m round fignres. 


I.— Years 
Puce of wheat 
per maund 


Ant. TOO, T07. 115, 123, 134, 140 and 147. 
^ 111.— Find the Index of Bank clearings and of Immi* 
grants from the following data taking the average as the 
base, 10 round figures 


Year. 

Bank cUaringt *n 
MtTTton d/ Ra j 

Immxgranta tii Tens. 
of thouiands 

1 

49 

79 

2 

'3f. 40 j 

; 52 

3 

\V 25 

1 53 

4 

^ 55 

05 

5 

\ 35 

1 46 

6 

34 ' 

' 62 

7 

28 ' 

1 54 

8 

34 

31 

Ana 

140, 114. 71, TOO. 
161, 106, 67. 112 

TOO, 97, 80, 97, 
04 tl’r /;f) fi-. 


St 

^ IV. — Compare the foUovriag prices of Wheat and Coal 
a3 to their relative changes for the period 1913— 20 Tak 
mg 1913 as base 6ad the Index Number for each year for 
each commodity 


1913, 

1914, 

1915, 

1916, 

Price of wheat Ra. 3 116 
per maund anoas etc 

4-6 6 

5-6-0 

4*1 3-0 

Coal p»r ton Rs 6*10 0 

6>12 0 

6 15 0 7 0 0 

1917, 

1918, 

1919, 

1920 

4 12 6, 

5 9 6, 

8 36 

, 7 0 0 

7'1 0, 

7*3 0, 

7*10 0 

7 80 

A»s Wheat 100, 119, U4, 

. 130, ; 

129, 151, 

221, 188 


Coal too. 102, rOS. IQS, 107, 109 IIS' 113 
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Connor, Chnptor XVI Ind« Nambnrs 
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VI. — lo Q V, calculate the Indez Numbers (l) for 
1921. taking 1913 as tbe base and (2) for 19)3, with 1921 
as the base 

(1) 246 4, 246 77 101 95 85 08, 126 54 150 249 86 

(2) 40 59,40 52 98 08 117 54 79 O'* 66 67, 40 02 
VII “In Q V, detertnioe the ladex Number for 

Minerals by taking the Geometric Mean of the Relatives 

Am 106 0, 169 2 151, 1114. 


VIH — In the solved example on chain base method, 
find the Cham Index for the years 1924 — 28 given 


1924 

! 

75 

154 

96 

1925 

bO 

43 

165 

88 

1926 

60 

44 

159 

89 

1927 

I 62 

47 

139 

84 

1928 

' 51 

40 

146 

77 


Ant 

1153, 

92 8 100,90 8,82 6 


IX -“In Q VI, find the Index Nnmber of Minerals and 
test the Index Numbers by the Time Reversal Test 

Am (1, 172 37, {Z) 6S 92, 
Product of Indices 1 18 Not Consistent 

\ —Find the Quantity Index Number for the follon 
mg data with 1932 as the base 


Year 

Qhb 

A 

nttttes 

1 S 

1932 

9 

1 7 

1933 

10 3 


1934 


* 67 

1035 

. 

1 10 5 

1 

1936 

12 

45 

1937 

‘ 95 

54 

1048 

89 

1 9 
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the ^rst formula gwen in Quantity Index Nos 

A«s {in round figures, 
100 121, 111, 124, 103, 93 and 112). 

XI — Explain ibe netbods nsed in constructing the 
Index Numbers of wholesale prices, or of the cost of living 
giving illustratioos Debne an Index Number and explain 
the role of ' weights in the construction of an index of 
the general price level 

(B A Hons , M A 1942, 1943, 1945 , B. Com 1945) 
XII —Expiaid with illustrations what is understood by 
an Index Number ? 

Discuss the relative advantages of (l) Arithmetic Mean, 
(2) Geomettic Mem, (3) Harmonic Mean, in the construe 
tiOD of an Index Number 

{Indian Audit and Accounts, 1941) 
XIII —Find the cost of iivmg Index Number for the 


working classes from the data in 

Quantity 1 

Q XIII and Q 

, po'^qafor 

XIV 

qi po 

Articles 

Consumed tn ‘ 
7574 (Base) 
qo tn Crores 

1914, 

1 Rupees tn 
[ Crores 

]pi IS pri<.eJo 
1924 

Pnl®es 

13 mannds 

1 

60 

70 

Cereals 

108 ,. 

583 

746 

Food Articles 

46 „ 

381 

728 

Firewood and 
Coal. 

50 „ 

60 

101 

Clothing 

^ 83 Pounds | 

53 . 

121 

House Rent 

R«. 10 per 1 
cnonih 

113 

' 187 



XIV — 


Ofttfitodi" 

ttet 

( 1 ) 

ice 
ajra 
/beat 
ulse grain 
„ Arhar 
/ood 
agar 
alt 


Annua} 

Expendt 

1 

IVe>slits 

Rela \ 

(1) 

(2) 

(3) 

1 (4) 

ture 

1 Assigned, 

lives 




1 

in 


for 

Ghee 

10 ' 

20 ‘ 

1 92 

1914 

i 

1931 

Oil 

5 1 

1 

S7 

(2) 

(3) 1 

(4) 

House 

6 1 

12 1 

120 

i Rs 

1 


Rent 

2/81 



5 

10 1 

1 70 

Potato 

5 

95 

5 

10 1 

1 65 

Gold 

Nil| 

0 

180 

40 , 

1 SO 

72 

Cotton 

15 

30 

96 

10 ' 

' 20 1 

60 

Cloth 




IS ' 

1 30 1 

1 SO 1 

j Cloth 

5 

10 , 

95 

5 

10 1 

92 

Brass 

2/8 

, 3 1 

90 

2/8 

i 5 

95 

1 Oil 

5 

1 10 

110 

1 

1 2 

90 






Ans 83 nearly 


XV" 

1 B<T5tC 

Pnees 


Quantities 

1 Basic 

Crops 

' Year 
Price ^o' 

(7927) t 

(1928) 

Year 

go 

1927 

7928 

1 

64 2 1 

72 3 

75 2 

26 2 

2763 

2829 

2 

1198 ' 

111 5 

97 

831 

1 878 

915 

3 

398 

45 1 

40 9 

1247 , 

' 1182 

1439 

4 

57 5 , 

67 8 

55 2 

1B5 ' 

1 266 

357 

5 i 

' 1414 

96 5 ' 

53 6 

354 1 

403 

465 

6 

1 10 9 ‘ 

19 6 1 

18 

8989 ! 

6478 

7239 

7 

11410 

1135 

1227 1 

86 

106 

93 

8 

18 2 

21 2 1 

20 

1298 

1211 

1374 


Find the Index Numbers Dy 

1927 1928 


(1) Base year weighting 

(2) Current year weighting 

(3) Fisher s lorronJa 


1105 1057 

105 7 1011 

10? 1 103 



XVI — U«e formnlae (b) to fiod the Index for 1927 i« 
Q XV 

4«s nos, 7745 

XVII — Appiy Tests to XV 

XVIII — It IS desired to fiod the difference in the cost of 
living in the years 1939 and 1913 m the case of («) Clerks 
(it) industrial labourers in a big indnstnal toivD 

Explain fully the necessary procedure to be adopted 

(a Com 194SSupp) 

XIX •"Distinguish between Fixed Base and Cham Base 
methods of constructing Index Numbers giving examples 

Describe the various methods of weighting the index 
numbers of puces i 

How can the Index o> Indian industrial activit} be 
cosstincted I 

{Indian Audit S AccouKis Exam 1945) 

W — 'W hat 13 an index number ? What ate (l) time 
reversal test and factor reversal test ? Slate their use 

(C Si S M A 1545.) 

CHAPTFR VII 

ANALYSIS OF TIME SERIES 

The anah^is of Time Senes involves the description 
and measurements of the various movements or changes 
as they come in the serms during a period of time The 
characteristics of a time senes are to be found in its treed* 
and fluctuations which ate described here very briefly 
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I Secular Trend or Jfae long time growh or dec/ine, 
;xistiDg within the data It is a smooth, regular and long 
erm movement of a statistical series Most series of 
•conomic statistics exhibit definite trends Such a trend may 
je constant in directioo or may change direction at a constant 
ate. Thus the volume of production or sales of bu«iness 
lOUse over a period of years shows a fairly regular growth. 
The same is the case with population of a country 

2. Fluctuations in time series may be regular or irregular 
Regular fiuctuatious are (l))oog term Suctuatioas (i e. the 
Tread) 12) Periodic or moderately long period fluctuations, 
(3) Short term fluctuations or seasonal variations, which are 
nore or less regular movements within the twelve month 
period and due to the changing seasons , consumption and 
production of commodities, interest rates, etc are marked 
by seasonal swings repeated with minor variations year 
alter year 

3 Cyclical movements or the swing from prosperity 
through recession, adversity, recovery and then on to prosperiiy 
again One cycle is said to be completed when begioning 
with a peak, the falling curve reaches a minimum point and 
then rising again reaches the next peak This is the case 
with price fluctuations 

4 Residual, accidental or random Variations, including 
uDOSual disturbances catastrophic or unexpected events such 

‘ wars, disasters, famines, strikes, floods 
Metraurement of a Trend 

The following methods are commonly used to measure 
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(l) Freehand drawing \2) Semi average ^3) 
average (4) Fitting a curve by least squares, which ’ 
explained in the next chapter on ‘ Curve Fitting 
(VIU) 

1 Freehand dramng — First of ill draw the graph o 
the given ume senes, with the tune along the honzonial axis 
Draw a smooth freehand lins (or curve approximately 
carefully m such a way ae to oe-^cnbe what appears to be i 
long period movement 

2 Semi average method this method break the d- 

into two equal parts and trark the middle sears of “«cb (if tb 
■number is odd, taken two parts approximately eqnal) Tak 
the average of each part Plot averages at the midr 

points of their respetive periods Join the iwo points 
drown, this line will show the tieod 

3 Moviwg Average Slelhod is used for smoolhin 

■fluctuttions incurves and to exhibit a trend with the h“l 
of averagea tn years Smooibing brings out tendencies T 
moving Average may be for three five six seven « 
years and «o on nccording to the «ize of the data For ihre 
yeai® moving average take the average of the first three year 
and place it agains' tne middle year of the tiuee Leav 
the first year and then tale ibe average of the next thre 
years and place it against the middle of these three year 
Proceed in this way taking the average after leaving on 
preceding year Then 'plot the=e iroving averages alon 
with tune series graph This will be a moving Averag 
^raph showing the Trend For a five y»ar moving averai, 
take th“ a ' tK» " -r-a r.* . 
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iddle year Then take against the next e years leaving the 
rst year and place it m the middle year of these Pro 
“ed in this way and draw the curve For a tnoviBE 
verage of even years say lour take the average ol the 
rst four years and place it against the middle « e , between 
cond and third year Leaving the first year, take the 
verage of the next four years and place m the middle 
these Proceed m this way and then draw the Trend 
aph A seveo year cycle may be ehniinated by means 
I a moving Average based opon a period of 7, 14 years 
he greater the number of years (be smoother the curve 


BxfftnpU 1 —Vtars 

Valiie$ 

3 Year 

1 3 Year 


1 

1 Moving 

Moving 


1 

Total 

Average 

1921 

8 


1 

1922 

6 , 

21 

7 

1923 

7 

1 24 

1 8 

1924 

n 1 

' 30 

10 

1925 

12 

37 

1 123 

1926 

14 

41 ‘ 

13 66 

1927 

15 ' 

48 

16 

i 1928 

19 




When an even number cf items is included m the 
loving average) say six the centre point of the group 
es between two years It is necessary to adjust these 
X year moving averages so that they coincide with 
“ars Take a two years moving average of tbe six 
-ars average Tbe resnlting average «s located betr^eeo 
,>e two SIX year moving averege values and, therefore, 
Mocides with the years The 6nal result is said to be 

'“jtmipacjnnvine ayerage_ceDttcd_ 



■Exampie 2. — Year. 

Values, 

, IS** yeari 

Two 

Si* 


j dfootng 1 

year | 

A/or 



1 average.] 

Moving j 

AVv, 

Cl) 

iz) 

1 (3) , 

1 

Total 1 
of 1 
Col 3. 

Ce 

1924 

16 




1925 I 

17 




1925 

25 

32 

‘ 


1927 ; 

35 

36*66 

68 66 j 

34*33 

1928 

46 

' 42' 16 

78 82 

39'41 

1929 

53 




1930 

44 

1 



1931 

50 




The Moving 

average 

IS quite simple for 

calclati 


%tid ea^ecullv ta making ao^toximatvons of 


gea«rat movements m a series {jatiicularly elimmat 
a large part of a cycle that is rather tegular, i 
average catmot be brought uo>to>date, as> depend 
upon the number of items included, the last point in 
trend occurs a few years before the end of the data. 

dfoving Average and seastonal vanaUvns — Mo. 
Averages provide a useful method for isolating sea 
Variations First of all take the moving average for 
months, centred (adjusted by two month-moving 
for all the years. Fxpress the original data as 
ages of the corresponding moving averages. Take 
average (aiilhmeuc or median) of the percentages for i 
oionth (dividik-g by the number of years for Mean). 

These will ba the Indices of eeasnoal Variation 



acb monih Tbe average csf tbe 12 Means for 12 montb« 
lughf to be 100 otfaerwiee the Means may be adjusted 
0 as to ha\ e the average 100 (e g See Exercise VI, 8) 

There is a simpler method for measuring the seasonal 
Variations by taking tbe averages, which can be used when 
pe general trend is fairly steady or has only a slight upward 
jT downward slope otherwise adjustment has to be made 
pr the Trend The simple avera ■* method may be described 
^ follows An average value la obtained for each month 
nd then a hnal average of all tbe monthly averages dividing 
ly 12 By subtracting this mean of means, from the 
verage figures for each month ths seasonal Variations for 
jicb month are obtained (See Exercise VI, 7) At least 
iree or preferably more years figures should be taken 

Besides the methods explained above, (be methods of 
ik Relatives and ‘ Ratio to tr^od ' are used which are 
ther complicated Toe ratio to trend method measures 
e seasonal Variation and m a Idition tbe combined cyclical 
id residual Variations and depends on fitting a trend line 
the data 

Tbe Lick Relative tnetbcd, is based on ‘ link Relatives ’ 
r which we express the value for each mosib as a 
ireentage of the previous mouth. Tbe resulting percentages 
^ called link relatives Median is used as the average 
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Exercise VI 


1 Draw 

a freehand Trend 

for the 

followiog time 

,es 

1910 

1911 

1912 

1913 

1914 

1915 

810 

890 

780 

784 

846 

775 

1916 

1917 

1918 

1919 

1920 

ig-^i 

816 

820 

875 

750 

80/ 

750 

1922 

19'’3 

19-?4 

1925 

1926 

1927 

36 

807 

735 

783 

780 

760 

1928 

720 






2 Draw 

the 

graph for the 

data Id Q 

1 and also the 


graph of t ree years moviog “Average 


3 Draw the 

the following data 

Trend by tbe semi average method 

from 


1914 

1915 

1916 

1917 

1918 

1919 

Values 

160 

18 

25 3 

35 3 

46 6 

35 2 

1920 

1921 

1922 


19’3 

1924 

1925 

44 6 

50 9 

53'6 


64 5 

70 

79 

1926 

1927 

1928 


1929 

1930 

1931, 

89 5 

97 2 

105 92 


U9 

119 62 

114 5 


Hint — Take up to 1922 firs! half with 1918 as middle 
year and find the Average S miUii> for the other half with 
1927 us middle year 


4 Given the Index Numb*r of toad prices in ibe 
Punjab (1873— S2-100) 



Years 1861 1862 1863 1864 1665 1866 1367 1868 

109 67 59 71 83 83 126 

1869 1870 1871 1872 1873 1874 1875 1876 

169 119 93 ICO 82 84 77 72 

1877 1878 1879 1880 1881 

78 134 151 125 111 

Find five yearly average and plot 

Anz 78 73 78 91 111 118 120 121 113 96 

87 83 79 89 102 112 and 120 

5 Fled the n ne years Moving Average for th* series 

9 7 5 2 4 9 10 9 8 6 4 7 II 13 11 9 8 5 10 13 
15 12 10 8 6 11 12 16 

Ant 7 6? 63 66 76 86 88 87 86 82 87 
97 106 107 103 10 9'7 10 108 and 11 4 

6 Find the s x year Moving Average for Q 3 and draw 
the Trend icd cated 


7 Find the seasonal Variations us ng the Simple 
Average Method Itom the lollowing data 



Jan 

Feb 

1 Mar 1 

Apr 

May 

June 

1930 

50 

42 

' 38 1 

41 

36 

42 

1931 

45 

43 

1 ^5 

1 47 

44 

40 

1933 

41 

40 

1 34 1 

37 

39 

41 


July 

1 Aug , 

1 Sept 

Oct 

. Nov 

Dec 

1930 

40 

42 1 

41 1 

48 1 

' 50 1 

50 

1931 

52 

I *^0 

48 ' 

47 1 

. 46 1 

43 

1933 

41 

1 41 

1 39 

39 1 

48 1 

46 


Sol — Total of monthly averages is 518 7 

Mean of meaDS = 43 2 and the seasonal Variations for 
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each month are 2 1 -15,-4 2 -15 -3 5 -2*2 11 11 
- 5 1 5 48 3 1 

8 Determine the seasonal Variations using the 
average method from the following data (Mills) 

Months 1925 2-i 27 28 29 30 31 32 33 l''^ 

I an uar? 655 728 820, 706 696 84S 859 891 920 94 

February 753 b87 776 685 757 85* 908 906, 932 95 

March 842 696 848' 691 818 9l6 9I6 926/ 960 99f 

April 873 721 730 706 716 941 874 9321 966 96^^ 

May 897 759 862 760 /76 975 895 971 1018,100 

June 918 796 896 762 831 1012 9051 992)1052110'’ 

July 1 970 887 901 750 813 985 881 975'l037' 97 

August i 962 892 969 810 853 1042) 969 1073 1106107 

September 956 960 967 8421 925 I037jl037 1074 1140 10'' 
October - 925 967 1005, 932' 978 1070 109] I107il 184 llO 
^QvetBb•r 819 807 8841764 957 964 O76l024'l042 9it 

December 719 758 755 681 832 8271 869 925 858 8 

Sol— First find the 12 mootbly roovmg average centre^ 
tb^se will be from July 1925 (860 5) upto June 19 j 4 |991 
for this June) The seasonal variations will be 91 6 92 1 
95 6 92 8 98 6 101 6 1024 107 9 111 I 115 101 7 89 4 

9 Explain ^hat is meant by (a) the secular trend 
and (&) seasonal floctnations in a tune senes Indicate 
briefiy the procedure of estimating these 

(Indian Audxt and Acctti Sert,<ce 1941'' 

10 Describe the vanous types of fluctuations in a 
Tune S'^ties and explain the procedure of isolating them 
Or \\ rite an essay on Time Series 


{MA 1941 1942 and 194i) 



11 What IS a trend ’ and how is it measured 7 Use 
je method of Moving Averages to dete-mme the trend in 

e following Senes showing index Numbers for values of 
(tiports into India during 1914 — 1928 

' 87, 62. 47, 42, 45. 57 96, 97 84 79, 77, 80. 92. 106 and 

{MA 1942) 

12 Show how Trends ate measured 

(BCom 1945) 


CHAPTER VUl 

METHOD OF LEAST SQUARES. CURVE 
FITTING AND TRENDS 

Curve fitting is an important subject from both tbeore* 
ical and practical point of view It is tbe representation 
isf relationship between two variables by simple algebraic 
expressions Tbe chief method lor fitting of curves to a 
given data is by means of tbe least sguare method 
According to this method, we suppose tbe curve best fitted 
j to be of the form 

f y=a + bx+cx*+dx^+ex*+ . 

If a straight line is to be fitted the equation takes tbe 
form y—a+bx (two nnknowns a and b) 

For a second degree curve or second order parabola 
the equation takes the form 3i=«+bx+ca:* (three nnknown 
a, b and c) 

For a lbirf_^degree carve (a third order parabola) tbe 
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equation takas the cam y — cr+dv+cr^+ic’ (font unknc 
a, b, c and d) and so on 

General procedure — 

(а) Write down tbe type of the equation to be 
and substitute th® values of x aod ths corraspnadiag y 
the equation 

(б) Form Normal equations for each unknown. T 
Normal equation for the nnkoown ‘ a ’ is obtained by mul 
plying tbe equations by the co efficient of ‘ a * and addt 
The sum wvU bt 

(1) + fora St lute. 

(2) 2y = na+fiS*+c2** for a second degree curve 

(3) 2y = «« + &2Ar+c2-«*+d2*^ for a third degree 
where n is the anmber of items. 

{c) Form Narrut! eqjatioo for the unknown fc I 
multiplying tbe equations by the co*effi<.ient of b (which is 
and add. The sum will be 

(l') 2*y-o2.x + i'^** for a st. hue. 

(2') 2jry=o2*+fcE**+c2j^ for a second degree curve 

(3^1 2*y*o2*+52**+c2x’+rf2** for a third ’ 
curve 

(d) Form Normal equatious for ths unknown c, ' 
multiplying the equation by the co-efficient of c (which is ... 
and add. The snm will be 

(2") 2yt*®*<j2t* + ft2r*+c2x* lor second degree curve. 

13") 2yx'®«^2x'‘ + 62x*-Fc2x*+ii2t' for third '* 


curve 
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(e) Form Normal equatioo for d by multiplyiof; the 
uatioDS by the co efficient of (t e , :r’) and add. We get 

(3'^^) 233ia:^=oS**+62**+c2i^+dSx®. 

Id general, the set ol Normal Eqaatiooi for the curve 
h 

y = <ro+Oi»:+aj»*+ a x , are 
k 

k 

23)='ffo'»+fljE»+- +<t 2* 

( 


2a:y'*«o2* + ai2»*+ <» Ear 

k 


Eyar**tfoE*^+Oi2**+ a Ear 
k 


k k i+1 2k 

2y* “<foE* +fljBjr + . +0 Ear 

k 

The number of Normal Equations will be the same as 
e nnmber of the unkoowus Solving these eiinations 
-.iDultaneon'ly we get the values of the unknowns These 
will be the most plausible or most possible values for these 
unkoowD quantities satisfying the set of equations obtained 
by substituting the various values of ar and y Such equa- 
tions ate known as the equations of observation Patting 
tbe values of the unknowns id the equation, to be fitted, 
we get the required equation which represents the curve 
, fitted to the data 
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When the numbet of Hocmal equation is more 
other methods such as of (l) Determinants, (2) V 
equal co efEcients, (3) Gaoss's method, (4) C 
method may be used The Normal equations for a 
hoe from the general procedure are (1) and (l') for a 
bola (2) 2’, 2”, for a third degree curve, (3) 3', 3". 3 
which can be easily solved simultaneously When we 
solved the equations for <r, 6, e and d, put the values m t 
respective equations to get the best fitted curve 
To fit a St hoe to the given values of x and y 


X 

y 

*y 


1 

' 5 1 

3 


2 

1 ^ 

, 8 


3 

1 6 

i 18 


4 

* 5 1 

i 20 


5 

10 i 

50 


6 

9 1 

54 


7 

10 

70 


8 

1 ^2 

96 

1 

9 

4 -- 

99 

j * 

45 

i 70 

418 

28 


The equations of observations are obtained by putti 
the valoe of x and y m y—a+bx, they will be, 

3*0 + 6,4^0 + 26 and so on Items here are 9, so , 
The Normal Equartous are 2y*«o + 6S* . 

70«9b+456 

2xy = o2*+62**=4l8>=4So+28S5 

Solving ihe'se two egnatioas, we get the most plan ' 

values of o and has a=s2*ll, 6*ri3 The equation to t 
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|WD OD the graph paper In this way the parabola of 
^ond order and third order or any other curve can be best 
^ed after forming the Normal equations and solving 


Trend and the curve fitting 

i The Method of least square is applicable for the deter* 
^ination of the Trend In a Time Senes, where the period 
^ given and equi spaced values corresponding to the peticds 
* represented by the Time, years etc , are as'igned 
« numbers 0, 1. 2, 3. 4. 5, 6, 7, and they are taken 
« X The starting year to which the number 0 is assigned, is 
own as the Origin Year Here n will denote the total 
mber of years The rest of the prcce<s istbesameas 
plained above Foim Normal equations end solve them 
the usual way If the best fit is a line, Ibis will be a linear 
rend otherwise non'tinear Trend The line is also called 
e Least Square line The «tr8ight line trend dees not 
, tisfacrorily describe the (reed of data which baie a vary 
I g rate of growth In «uch ca'e« a parabola may be 
.'ted 

’ The trend values (y) for the various years may be 
Atained by substituting the appropriate values of x from 
e numbers 0, I, 2, assigned to each year, m the equa* 
I'a obtained for the irerd The«e can be pldUd cn the 
"raph paper to draw the curve. 

1 Short method for trends — If the number of years is 
,fd, take the middle year as ongiu year and assign 0 to it 
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years and 1, 2, 3 to the sacceeding years, so that 
will be zero Thus if the years are 1919, 1920, 1921, 1*^ 
1923, the middle year is 1921=0, the preceding years I® 
1919 will be — 1 , —2 and the succeeding years 1922. 19 
will be 1, 2 so that S*=0 In this way, the working 
sinplified, and the simplified Normal equations will 
S 3 J=«iJ, and 2*1 = 62** for a linear trend Similarly! 
the parabolas Of course the origin year will oe the roidi 
year and not the year of start as m the general case. 

For even nun3b®r of years, the middle terra 
some difficulty To make 2***0 say (or a series of sixt 

years 1926, 1927 . 1933, 1934, 1935 19+1, take 

two middle terrns (1933 and 1934) as “* 5 and +*5 a 
the other years aS with a diffeteace of I —7 5, ~~f> 
-5 5, “4 5, --3 5. -2 5 -1 5. - 5, 5, 1 5, 2 5, 3 5, 4 
6*5, 7 5 , so that the sum i« zero the origin being 
middle of two centre years U decimals are to be avc 
trend equation may be obtained by working in terms 
ball years, doubling the above assigned values and taki 
them for * numbers The rest of the process is the sar 
as explained above 

The constant ‘ <i ’ in the trend equation defines i 
trend \a1iie in the y»aT taken as origin If the ano 
data employed in the fitting process are averages of twe, 
monthly values, ' a ', measures the trend value for a mon 
centring at the midd’e of the >eai covered by the anoi 
values 

Graphs of time series on logarithmic scale have be 
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Dding to a time series are used substitute (logy) iQ 
ace of y in the equations and proceed tn the same way 
obtain the logarithmic trend 

trves of the type y — ax and y~ab 

Occasionally neither the straight line nor the para- 
ila will describe the trend of a particular senes The 
6 X 

r\es of the type y^ax and y—ab may describe the 
b 

inds The equation y’^ax reduces to log y = Iog a + 
log X The Normal equations are formed by changing 
into log y and x into log x The remaining process is the 
ne as in the case of a straight line trend The 
nations are to be solved for log a and b Similarly 

: exponential curve y»ab reduces to log y^log s+x 
; b and can be likewise treated There are some expon* 
tial curves of importance for trend purposes One of 
: mare important curve is known as Gompertz curvci 

lose equation is y = ab Its u^e in the analysis of 
anomic statistics has been based upon the ground that 
ere is a general law of growth characteristic of popu 
tion increase and that this kind of growth is fonnd m 
dustnes whose products are a direct function of the growth 
population 

A somewhat similar curve of growth is the logistic 
,ive employed m forecasting popufation growth A form 
this corve adapted as a measure of ttend is civen by 
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Exercise Vll 

I — a swa'glil I'tie to the {oUoviog data • 

X 20 5 10 15 10 

y 24 IS 17 22 12 

A«» 73x + 9 23 

What 15 the iioe if one more item is added 
X 24 Ans. 
y 30 

Ans ys* 86x + 7‘9S 
n.— * 7, 6, 7, 8, 8, 8. 9, 9, 10 

y 5, 5. 4. 3. 4. 5. 4. 3, 3 

Ant s* ■" 5*+S. 
lll.*~’Pu a St line and parabolas of the second and 
‘thud orders to the follon'iag 

* 0. I . 2 , 3 , 4 ■} 
y 1. 1*8. 1*3. 2 5. 63 J 

Ane, 2'S8+7'73x 


y«l4 + n3x+ 5x* 

4 + 025x+*5x*+ 32x^ 


IV.— * 

y 

X 

y 

63 

40 

! 3193 

290 

223 

1565 

2238 

259 

755 

188 

1228 

231 

165 

78 

2695 

255 

1535 

315 




Fit a tiaadratic parabola (#,e,of second order). 

Ans. y’=4S‘33+'238x-*00005**. 
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V — Fit a parabola of second degree to the following data 
and draw it 

Years y Years y 

1910 81 1930 134 

1915 84 1935 148 

1920 88 j 1940 170 

1925 104 I 

Upon the hypothesis that y continues to increase during 
the next decade according to this trend, extrapolate or 
estimate the number for 1950 

Hwt — The years are equispaced with a difference of 
5, so X may also be taken as 0, 5 10, 30 

with a difference of 5 The middle year may be taken as 
origin 

Atts y*7S5+ 6Sx^ 082x* 
For 1950(‘u,hen x^40) y^237 neatly^ 

VI “Find the most probable values of * and y from 
1 *+3i» 3 01 , 2*-y“ 03 *+3y-702. 3x+y“4 97 

(M A , J942) 
Arts 99 and 2 08 

VII — Fit a second degree parabola to the data and 
plot It 

*123456789 
y 2 6 7 8 10 11 11 10 9 

Ans - 929 + 3 52x- 267x\ 

VIII — Given the data 

Year 1932 1933 1934 1935 1936 1937 1938 1939 

*12345678 
' T 77rio oni i oni 4 ‘i 
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Fit a curve of the tyoei y~ab 

Ans. lag y~2'?5645-\-'02044x 
(SVith ortgfn 1931). 

X 

Or y^570B{r0126\ 

IX ~“ln the ioUowiDg data, S denotes son’s stature, and 
F, fatber’«i, m inches 

S 65*7 66 8 67*2 69'3 69 8 70 5 70 9 

F 62 64 65 69 70 71 72 

Fit the re\ation S^a+fcF, by determining most pro- 
bable values of a and fc {Ahgarhy 1943 M A) 

Ans. S»33’357+'522F. 

X. — Given the data for (1920—1938) 

805, 895, 785, 784, 846, 775, 816, 823, 874. 750, 807, 750, 
736, 807, 734, 785, 784, 765, 715. 

Fit a 3t line with (1919 a« ongin) 

/4ms y*839 4 — 4 Sx 

Hint . — Take valoes for years 1920,1911 1S38 as 

1,2, 3,4, 5,-' • — 

XI. — Given Annual Prodnctioo of wheat (1926 — 1940)i 
m millions of maundi in a country, find the linear trend with 
(1) 1926 as cticin. (2) 1933 as origin 

1 = 111, 143, 143, 134, 135, 55, 74, 129, 150,140,145,. 
JPn Oin T9S '’'IQ 

Ans (1) y=‘95 15+r2x. l2) y=J4S‘753+r23x 

Is the production trend figure the same for 1933 by 
the two n ethods I 
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XII — Fit a St Ims to the data for 1926 — 19+1 

900 1022, 1040, 1080, lllf, 11J7, 1176, 1260, 1363, 
1420, 1484. 1590 1727, 1828, 1890, 1895 

3>“1370 12+34 2*^ where x' is in i year (double of 
-7 5, -6 5,-5 5 7 5) 

XIII — For data of Exports ID crores for a country, 
(1925 — 1940), fit a second degree parabola with 1925 as 
origin 

2 6. 8 5. 10, 13 3, 9. 15 3. 12 7, 13 8. 20, 28 3. 30 6. 42 5. 
44 3. 53, 62 and 65 6, 

Find the trend values for 1935 and deviation of the 
actual from the trend 

Afis y-7 2f- 5/*+ 304»^ : 32 53 ntarlv. 

Actual value for 1935“30 6 and deviation 
from trend “30 6 — 3253“ —I 93 

XIV —Data of Index Numbers (1915-192?) 

114, 110 100 no, 100, 125, 115, 125, 135, 120, H5. 125, 
no 

Determine the ordinates for the trend of the cnbic para- 
■bola (1914 as origin) 

Ant 112, 109, 107, 106, 109, 114, 118, 123, 
125, 127, 125, 120 and 110 {nearly). 

XV — Fit a curve to the population of India of the form 

X 

given In crores, 

1871 26*16 1901 29 64 

1881 26 68 1911 31*53 

1891 29*23 1921 31 1 

w— « ;; 1_2 , 6 * 
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XVI. — Find the most plausible values of ar, > and z from 
•c — y+2s = 3 , 3* + 2y — 5* — 5 , 

4a: + y+4s’=2l , — 

(il.A. 7943). >lnr. 2 5.35,1 9 
XVU — Form normal equations and solve 

ar+2y + s“l , 2v+>+z — 4 , — *+j. + 22. = 3, 4a: + 2y 
-5s«-7. 

(Wi4 7945) Arts 116,- 74,2 08. 
XVIII — Explain what is meant by (tt) Secular Trend, 
(h) Seasonal Variations Show bow the method of curve 
fitting IS used in the measurement of a Trend 

{Indian Audit & Aecttt. Exatrt 1945) 
XIX —A manunal experiment on paddy gave the follow. 
iBg results 

Dose of measure in lbs ini 0 200 400 600 
Yield per acre in lbs (y) 1544 l89iS 2133, 2327 
Plot the relationship between the two and use the le 
square method to fit a parabola of the second degree to 
represent it 

Ans. y~ J54?'9+ 3784x~40x* 


(C. Sf & M A 194S'< 



CHAPTER IX 

CORRELATION AND REGRESSION 

So far we have been dealing with the problems which 
ari«e from variation in a single variable We will now , 
deal with the simultaoeoas variati on of two or mere yariableS i 
Methods of measuring the degree of relationship existing 
between two variables have been cbiedy developed by Gallon 
and Karl Pearson It is often desira ble to observe apd 
measure the relationship (association), between two or more 
^tatistical series For instance it may be desirable to know 
whether there 15 reialicnsb p between changes in the cost 
ol living and changes id wages, the amount of electrical 
current passed through a solution and the amout ef substance 

-deposited by electro cbemical reaction , prices of food grains 

and rainfall , 

When two quantities are so related that the Ductuations 
ID the one are m sympathy with fluctuations m the otbst, so 
that an increase or decrease of the one is found in con* 
nection with increase or decrease of the other, (or inversely), 
the two qjantities are said to be correlated and the cor* 
relation is said to be simple in case of two variables. 

Correlation may be direct or positive, if an increase, 
or decrease m the values of one_set_is associated with 
increa<e or decrease of the other set. _H the increase or 
decrease is associated with decrease or increase of the other, 
correlation i« ®aid to be inverse or negative 

Let ihere b“ two series x and y to be represented 
graphically. 



Ill 


Take the uems in x senes along the axis of x, and 
the corresponding items in y senes along the y-axis The 
diagram so formed will be a dotted one and scattered, 
showing some relationship Soch a diagram is called ? 
Scattered Diagram 

Co-efficient of Cotrelatton — The numerical measure of 
correlation is called the co e fficient of correlation, d enoted 
by r . which lies between I and —I If r— I, corr"’"* 

IS said to be perfect If r~o. there is no correlation at 
all Correlation is said to be Noll 

The following formuts ate osed to find the co t 
ol cotrelation 

I Ungrooped data, for x and y senes 


no o 
X y 

where stands for deviations of the items in x 
from the arithmetic mean of the x series 

stands for deviations of the items in s senes, 
the arithmetic mean of y senes 

° X standard deviation lor x senes, 

the standard deviation for y senes 
” the number of items 

The formula is known * Product Moment’ formula 
to Pearson 
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It gnes a measure of tbe intensity of tbe associatiofi 
of tbe pairs of observations 

Suppose It IS required to find reJationsbip between 
tbe X and y series given by • — 


X 

28 

y 

\ 27 

1 

* 1 
-.i 

' 2 

i 

1 -4 . 

4 

I""' 

4 

27 

' 20 1 

1 “3 1 

1 1 

15 

9 

25 

28 

22 1 

1 -2 ' 

' -3 ' 

' 6 

4 1 

9 

23 

18 

-7 1 

-7 

, \ 

49 

49 

29 

21 



1 ^ 

1 1 

16 

30 

29-1 

1 ^ 

1 0 1 

1 0 

I6 

31 

27 

1 1 

2 

2 : 

1 1 

4 

36 

29 , 

1 ^ 1 

4 ' 

24 

1 36 


35 

28 1 

1 5 1 

3 

15 1 

25 

9 


1 > 

1 3< 

4 

12 , 

1 ^ 

1 


V» * 

-if 

1 


123/' 

' 138 

1 

1 164 


Means of the two senes are 30 and 25 
Sd d -123 

X y 


n =./2W, )* /138 

% V “V"lO “3715 

/2 d* /7?4 

“V-;^=V^=4'0S > 


Co efficient of corielatioo r = 


123 

10X3715X4 05 


«* 817 ^ 


Since r must be betweeo 1 and —1, it is evident that we 
: a fairly high degree of correlation 
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2< Instead of finding tbe arithmetic uisan we can 
[short cut methoj by taking the Provisional mean and 


the formula 

2 D D„ 


where n is the number of items and D ^ are the devi* 

ations of the resosctive items from that Provisional Mean. 

— 

3 Carrelalion /ot^[^oupid —When tbe * sen 
aid y senes are given aTTrSquen^ distributions* they i - 
be placed in tbe form of a Table with one series on borizoQta 
side and tbe other vertically as shows m the follow 
example. The table is called ‘ Correlation Table T 
formula for a correlation table is 

2 2 /. D 


^ y 

where denot esthe dsvialinns of the Central Value s 1, 

the Provisional Mean in x senes. 

Dy denotes the deviations of the Central Values ' i 
the Provisional valne in y senes. 

/denotes the corresponding frequencies, 
n denotes the total number of frequencies. 

The whole working will be clear from the followin 
example * 



Total of fiequencies for 
X Series 


114 




We are given two frequency di«tributions denoted by 
a: «enes and j senes, x series being horizontal Column 
Dy gives tbe deviations from tbe Provisional Mean 35, 
(corresponding to Maximum Frequency 18) of tbe Central 
Values of y senes 

gives the Deviation of Ibe Central Values of * 
sene® from the Provisional Mean 21 ^corresponding to the 
maxiinnm frequency 16) 

2 y =2X-4X^2O+3>Cj;4X-l0 + 3X-4x0 

+ 2X -4X 10 + 1X40+2X20 + 0-2X20 + 1 X -40+ IX -60 
+0+0-2>^+0+4:^20+2x’?b+lX^=320 
2 / =10X -4 + 11 X -2+0 + 15X2 «-32 

2 / D -150 

y iv 

% “ V — ^i-(^ ' y-'^ 32^" 

52 


Co-efficient of Correlation 

-g 

tVXV 12704^5?’^ >746110 

If the^a mbmetic mean is to be used for calculatior theo 

no a \ 

CortelaliSn of Time Series 

Correfa/ion /or long term ^uc<uattoris — When u is 
desired to measure tbe correlation in long rerm fluctu- 
tions, for ecccomic and comruercial data, Pearson's formulaa 
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H d d 

IS used t>*s. r= — * ^ one senes say x senes is called 



‘ Subject ’ aod the other series or y Series tbe Relative. 
The subject is applied to tbe more important senes. 

Correlation for short term fluctaations 

To study relationship existing id short term fluctu* 
atioos instead of using the deviations of the items of the 
Relative and tbe Subject, from tbe arithmetic average, we 
calculate the deviations from tbe Trend. 

The moving average of tbe Index Numbers of the two 
factors IS calcula<.ed and the deviations of such figures from 
the moving average of the Indices will be tbe measure of 
standard deviation in each of tbe cases. 

Tbs rest of tbe method of calculatiQo is the same as 
shown above. 

Co efficient of Concurrent or Concomitant Deviations 

Varions difficulties arise when using Pearson's formula 
in connection with time senes subject to short term fluctu- 
ations and a coefficient of correlation called 'coefficient 
of concurrent deviation* exists which gives a simple and 
easily calculated co-efficient 

If It IS required to know only whether two senes 
move in tbe same direction or if one senes moves in the 
opposite direction from the other, the coocurrenc or con- 
comitant deviations may be used as a basis for measure- 
ment. Concurrent deviations are those deviations that are 
ID tbe same direction for corresponding items in each series. 



117 


Subject RelaUvs 


Out i)Mt o/ Dtvtahans ] Unetnp First 

coal Tons.] frotn I loyedtn Differ 

Receding . ccal ettces 


1 

January 

Fe6Tuary 

18 5 
(ri 

monffis 
or ‘ Firs* 
Differ 
ences. 

t'T 

i Industry , 

j 000'$ 

260 1 
Z6S 

1 

1 

March 

19*5 

t 1 

261 

-4 

April 

18'5 

— 

274 

+ 

May 

17*2 

— 

292 

+ 

June 

15*9 

— 

357 

+ 

July 

151 

— 

1 330 

' — 

August 

16*6 

+ 

1 306 

— 

September 

17*9 

+ 

1 258 

\ — 

October ^ 

17-6 

— 

280 

+ 

November 

182 

+ 

250 

~ 

December 

19 3 

+ 

225 

~ 


The formula for co effictent of cotjcuritrit deviations 

- *v±v 


where « is the number of items, c= number of concurrent 
deviations 

If the expre«sion 2c~« is Degatii.e, we must insert a 
minus before and after V Hence the Reneral ex- 

pression i V ± IS done to avoid an expression containing 
the toot of a negative quantity. 

In the above table, « = H, and c=2 (as there are two 
concurrent cases, m February %nd July) 



118 


■ Co effici“nt of concurrent deviation 

= - ^ 636 =- 8 

This CO efficient is influenced only by the direction of the 
deviation and not by ibe magtiilude 

This IS of no use for long term flii-tuations Its prin * 
cipil value IS that it indica tes the driction of the mov s- 
ments of one senes in relatio n to the other 

Ratio of Variation and line of Regression —There 
may exist almost perfect correlation when two series movet 
but the proportional movements may be very different. 
I In many cases a measure of tbis proportional variation 
I can be usefully employed, and tbe proportional variation for 
I both series having been obtained, comparison of the two 
'^b> means of a ratio gives ns tbe ratio of variation 

When tbe movements are regular, the Ratio of varia- 
tion IS obtained as follows — 

Take tbe deviation of tbe relative items from tbe mean 
at each date and divide it by the corresponding deviation 
of tbe subject Add the quotients so obtained and divide 
^ by the number of quotients 

Since economic and social series are irregular, it has 
been found it practice that the Ratio of variation is best 
determinedly graphical method as follows — 

Plot the Index Kumbers (or first convert if index num- 
■> are not given) with subject on the vertical and tbe 
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of points widely scattered. A line is drawn thiougb the 
scattered points most nearly approximating the general trend 
of the points plotted, so that approximately an equal number 
of points lie on each side of the line If perfect correlation 
exists, the line platted will be perfectly straight, otherwise 
a well defined and regular carve 

If the line points donward to the left, then coirelation 
Is direct and vtce-oersa, if no well defined tendency is eX' 
hibited, no correlation exists. 

The graph is knowa as ‘ Galton graph’. If m this 
graph, both the sab]3Ct and tbs Reiativs cQinge by equal 
pstceatages, then the ratio of variation is equal to unity 
(one) and the hoe drawn through the plotted points will 
be a line at an angle of 45 to the horizontal and such a 
Sine represents a tins of equal variation or eqnal proportional 
variation When the Relative shows a tendency to change 
less than the subject, the line will be at an angle less 
than 45 to the vertical (more than 45 to the horizontalj. 

If the Relative changes more proportionally than 
subject, the line will Us at an angle less than 45° to r 
horizontal. 

This line is known as the regression line The nearer 
this regression line approaches the vertical, the slighter 
the degree of carrelatioo. Tbs larger the number of points 
platted the more rehahle tbs result will be. 

] 

The Galton graph, drawn, in the annexed diagram 
shows that the regression line is at an angle greater thin 
45° that Is the proportional changes in share prices are 
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Jess than the proportional changes tn the volnwe of pro* 
ductioD, or share prices flnctuite !c«s widely than does the 
volume of production A nomericai value is obtained by 
mes'uriEg the angle that ibe regfc«sicn lice makes with the 
vertical The ratio of the average variation of the Relative 
to be average variation of the Subject is represented by the 
angent of the angle 

Or Ratio of variation*Tao XYZ, where XY is the ver- 

iical 

or = when A is a point where a perpendicular from 

a point on the vertical cuts the regrestion line 

Equations of the lines of Fegressicn —MatheiraticBlly 
eqcBtiODS of the lines of the regression are 
|(l) j!— y (*”■*) where x and y denote the means of 

r and y senes 

• Changing the origin this can be simply written as 

ys ^ * Xbis ejtpies'es the most probable value 
irx 

cf y a <cciaied with a given x and it i« the rrgte'sicp 
me of y on x 

From example 1, y= 8l75< 725 ““ 891* 

— ^ IS called the r«Ere«siCD co efEcitni £91 is regressicn 

V* 

0 efficient here. 

The above regre«<ion eQualicn gn ® ihe ifgre'«iCBof 
» *• The Regression eqeatten. 



Index of laduftriai sbare? 


Galton Graob 
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Ox 


i gives regression of ar on y. r - 


being the 


CO efficient of regression The regression co efficients denote 
the slopes of the regression lines 

Stgffrj?ca»iC8 of the co efficitnt of correlatiOfi — Probable 
and standard error of r To test" whether the calculated 
co-efficient of correlation is significant or not the standard 
error or the probable error (P £ ) can be used standard 


error S E * 


P E 


, 6745 (1-r*) 


T=s=-^ »• 6745 standard error Correlation will 




be r ± P E 

If r IS less tbao P E correlation does not exist 

S Correlafroo may be takes as good 

If r IS more than P E several times (at least 3) 


f r IS more than 6 time' P E correlation is deBnitelv 


Significance of the correlation co-^fficient is also dealt 
with later on lO Chapter XI 

Exercise VIII 

I— Compute ibe co-efficieot of correlation for the 
following — 


A«s 
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ri.— * 

y X 

y 

7 2 

17 7 3'8 

17 8 

11 7 

21 1 5'1 

18‘ 

8*7 

192 86 ■ 

19 7 

15 2 

22 5 

Afis. '96. 

III.— *, 6C0 

-500. -400, 

-200, 600, 

y, -1800, 

1500. 1200, 

600. -1800, 

700, 

-300, -500. 


-2100, 

900. 1500 



Ans —7 (psr/ect negative correlation). 

IV — Supply 

400. 200. 700, 100. 

500. 300 

Demaod 

50. 60. 20. 70. 

600 

40, 30, 


10 

Ans —'86, 

V —City 

Population 

At&dtnl rate 


, Uhousandt) 

per milftoR. 

\ 

10 

32 

6 

1 20 , 

20 

C 

! 30 

24 

D 

40 1 

36 

E 

50 ( 

40 

F 

60 

23 

G 

70 

48 

H 

80 1 

44 

Ans '71. 

VI — Find r, 1 

betneea saoitatioo and infant mortality for 

the indices of tbe e 

light cities 


SanitatioD 

100. 86, 91. 

108, 111, 

Infant mortality 98. 108, 104. 

112, 105. 87. 

90. 100, 108. 

98. 94. 
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Vni — Compate r, given. 


22, 

27. 

12, 

21. 

21, 

27. 

23. 

17. 

25. 1 

32. 

27, 

19. 

30. 

26, 

26. 

25, 

22, 

23, 9 

16, 

20, 

37, 

33, 

18. 

24, 

22. 

17. 

32, 

24, 

28, 

29, 

25. 

20. 

26, 

1". 

16, 

27, 2Z 

26, 

27, 

26. 

21. 






17, 

20, 

26. 

17 




Ans 

-What IS the correlation c 

o-efficient 

after 

adjQSti,. 


the Probable Error in the following ? Is it significant ? 


Capital in hundreds 10. 
of Rupees (Subject) 
Profits in buodteds 2. 
(Relative) 

80. 

20 . 


50, 

60. 

70. 

10, 

IS. 

14. 


90. 100 
22. 30 

Ans. '9618 ± '01998 Y 


the Ga’ton graph Itotn the following ' ' 
and show the Ratio of Variation between the [ollowing fo 


tight years 

Year 

1 

^ Subject I 

Refative 


Tense of Thousands 

«n mtRtons 



0 / Rs 

\ 

79 

49 

2 

52 

40 

3 

33 

25 

4 

55 

3S 

5 

46 

35 

6 


34 

7 

31 

34 

8 

33 

28 


Hint. — Form the Index Nambers, by taking the ar 



ariation=^= '74 approx. The coa.p]g™®°* *^'s fraction 

~'74 = '26 IS called the Ratio of Regression 


Subject 

Relative 

. Subject 

Relative 

ales, 00 

Expenses 00 

1 Sales, 00. 

Expenses i 

Rs. 50 

n 

Rs 65 

15 

50 

13 

65 

15 

55 

14 

60 

14 

60 

16 

60 

13 

65 

16 

50 

13 


Fmd the Standard Error and the Probable Error Is the 
rrelation significant ? 


r-'79, P E -» 08, S 

E 12 Significant. 


XI — Years 

1 U) 1 

(B) 


Pirs/ D«#«rencesJPirsr Dtfftrenees. 

1 

“HO 1 

8 

2 

739 

- 2 

3 

' -620 

18 

4 

1 -5486 

23 

5 

1€01 

25 

6 

385 

7.2 

7 

3468 

-8 4 

8 

2576 , 

-4*4 

9 

1873 ! 

-7 3 

10 

-5020 

87 


What IS the co-efficient of concarreot Deviation ? 

What would have happened if all the first differences 
o the two columns had the same sign ? 


Ans —'77 perfect correlation. 
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XII. — Mean annual Mean annual C 


Birth rate per 1000 


Rate per 1000 

0 / ^o^uta^ion* 


population 

35 3' 

1 


20*8 


33 5' 

1 


19*4 


314 

1 


18*9 


30 5 



18 7 


29 3 

j 


17 7 


28 2 

I 


16*0 


26 3 

1 


14'7 


23 6 



14*3 


20 1 

1 


14*4 


19'9 

i 


12*2 


16 7 

1 
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Find r. Arts, 

XUl.’— Fmd the Regression 

co'efficients asd ^ 


5 of Regression for 0- VII. 





Sol. «='5!7xy|j, ani 

5 30 

0,-537x|;f‘. 


XIV.— Derttilyo/ 

il) 




population per 



(2) 

square MtU. 





163 

133 



4*3 

165 

42“S 



0*0 

380 1 

38*2 



2 t 

431 1 

38*8 



1*3 

487 1 

16* 



1*2 

440 1 

22*4 



1*2 

594 ! 

15*5 



3 i 

710 

20*2 



1*6 

794 

28'2 



3*0 

2157 

13*5 



3 £ 

Find correlation between i— 





Popalation and (l) 



Ans. 

Popnlatlon and (2) 




A 



XV — Calculate the coefficient of correlation for the 
ollowing data giving the prices m ten markets of commodi 
les A and B 

A 61 72 73 63 84 80 66 76 74 72 

B 40 52 49 43 61 58 42 58 44 45 

(ilf A 1943) Ans 88 
XVI — Find the lines of regression ffr the correlation 
able connecting Age and Marks given in the solved 
sample 2 

(fll A Aligarh 1943 ) 
Sol — Set solved example gtstag values of 
® and r and then put these sn the 
X y 

etiuaitcns 


XVII — Calculate the co effiaient of correlation between 
|be prices of standard wheat and rice from the distribution 
tving below showing the prices in the same day in 3 1 markets 


n the Province 

Prices 


96 

»rices ID 102 

annas per 108 

maund 114 

120 


I. 


annas per maund 
60 64 68 

2 3 

6 2 
9 


2 9 11 


wheat 

T> 76 I fy 

~\ ^ 

I s 

1 ‘ 10 
5 1 I 6 

2 I 2 


6 3 31 


(M A l942)Ans 928 


Throws 1. 


XVIII. — Find r from the Correlation Table. 


80—89 

70—79 

60—69 

50—59 

40—49 

30—39 


Totals 



37 


o o o I P R / "■ 


1 I 


4 i > 


8 16 20 
28 26 2+ 
24 36 12 


70 82 ' 58 Tl^rTTi 10 I 4 ' ^ 

(M. A. Aligarh 1914) Ans. <■ 


XlX.—Calculate the co*efficient of correlatioa for 
ollowjas throws of i2 dice (500 lo total ) 


0 

0 

1 

2 

3 

4 

5 
G 

7 

8 
9 

10 

11 

12 


9 10 11 Ic 


3 5 6 2 6 

9 8 11 16 7 6 

5 17 24 19 25 11 
5 H 25 24 24 17 
2 2 13 16 27 12 

2 7 13 22 14 

0 3 5 6 9 

2 1 
I 


Alls '45 {nearly} 


Totals 
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XX— (1) Define the prodact moment co-efiicjent of cor* 
relation r and prove that —r<r£l 

(2) Obtain the expression for r and the equation of the 
lines of regression 

Indta Audtt Aceounti. 1943 and M A. {Mathemaitct 
1945) 

XXI — The following marks have been obtained by a 
class of students in stansiics (out of 100 ) 

Paper I 80. 45, 55. 56 58. 60, 65. 68, 70, 75, 85 

U 82. 56. 50. ^8 60. 62, 64. 65, 70, 74, 90 

Compute ihe co efficient of correlation lor the above 

data Find the lines of regression and examine the relation 
ship 


(Indian Audit Accounts Examination 1945) f * 92 
XXII — The following table gives the value of exports 
of raw cotton from India and (be value of the imports of 
manufactured cotton goods m India for six years 


Exports 0/ raw cotton 
In crorts of rupees 
45 
58 
55 
89 
98 
66 


Imports of manufactured 
goods 
50 
53 
58 
65 
76 
58 


Calculate the co efficient of correlation between the value 
of the exports and of the imports 

Test the significance of the co efficient 

Ans r= 94 good (B Com. 1945) 
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XXiri. — Calculate tbe co*efiicieat of correUtJoa for short 
time orcillatioos from the folloniog indices (1930 — 19++) 
taking a five ^ears moving average. 

* U6, 114, HI, 91. 93. 95, 92, 93, 96, 102, 107, 
y 78. 84. 93. 117, 97. 102, 108, 105, 96, 77, 63, 
104, 98, ICO, 108, 
77, 93, 89, 83. 

— Take Moving Avaragi fo- 5 years, takes devi- 
ations from the moving aviug» of the corresponding indices 
and apply the forma a. n=*ll Ant. — '9 (appr.) 

XXIV — Given marks as 

Roll No. 1 2 3 4 5 6 7 8 9 10 11 12 

Mathometics Paper 36 56 4l 46 59 46 65 31 63 41 70 36 

Economics Paper 62 48 60 53 36 50 42 65 44 58 65 71 

Draw a graph to show (be reIatiou»bip betweea the 

marks in the two subjects 

Calculate the co*efitcieot of correlation. 

r= - 617 (C. St 1945). 
XXV.— CalquUte the CO efficient of correlation form the 
correlation table showing the marks obtained by 60 students 
in two subjects. 

0— 10 
10—20 
20—30 
30—40 
■40—50 


5-15 

15—25 

25—35 

35-4 

1 




3 

6 

5 1 1 

I 1 

8 

9 

2 


3 

5 

3 



4 

4 


Ant. '53 
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XVI — Is there an/ relat on b tw en 
y given by the correlation table 

^ 5 10 15 20 

V 

lO I 1 j 2 

15 2 5 9 

20 '> 15 42 93 

25 3 20 50 38 

35 10 15 7 5 

XVII — Find r for ibe Correlation Table 

;» JB * Rs 60—63 63—66 66—69 69—72 7"'*'” 
100-125 2 1 

123— 150 2 3 5^ 

130—175 2 4 1 ^ 

175—200 I I 

Ahs Si 


CHAPTH fi X 

MOMENTS AND NORMAL DISTRIBUTIONS 

Moments play an importaot part as a method of 
comparison and in testing normality symm'*try and skewness 
of a distribution Mo ments are defined about th e 
mean and about an atbiir ^y mean (or ongioL Momeots about 
arithmetic mean M are defined by the formula for rtb moment 
as ( 1 ) for ungrouped data 1*^ h (x~Mf ot~}.d whete 

n IS the number of items in the series X: Xt X) x* Thus 


the series x and 

25 

B 12 

SO 1^ 

36 S 

10 2 

4 ' 

Aas Vff 


151 


Ibe first four Moments about the mean are 

which means ih» variance which have been studied ' 
in Dispersioa, — 2frfi*, f*** = — 2d*. For grouped 
the fth moment about the mean is given by 

where n is the total numbsr of frequencies and d the deviatK 
Or tne central values from the arithmetic mean. 

Moments about any prOMSional mean ate given 
V *■ "2AP)^wbere D dsaote» deviations trom the i 
visional meant of the centra) valuts 

Moment^ about the mean and about any ppovi>i 
origin are connected* as follows — 

(i.,»V«-4VtVj+6Vi*Vt-3Vi*. 

*For Math. Proofs see Appendix. 

fn practice geoeralfy we need the hrsc four iromei 
to be calculated as fcIJo»\s* — Take the central \ = 

the cla*s intervals and then dcMatuns iD) of these i.r 
the provisional mean ( preferably the <.lass_ini(.r ig.| h'’\ 
t ^ r^ximujn freqpepcyt. Multiply the dev snore r)> 
corresponding frequen'*ies md add This uni f.i\e 2/ 
similarly find 2/l>-. 2/D* and 2rD* to get V? \3:'id > 
Pnr ihf<=e yalues m f*--. aed 1^4 tc the f'ci r 
about the Mean 
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lin corrections (Sheppard's) may b» applied for groupies 
nd the adja^ted moments are then given as 
= er* = Vj — Vi* — 13^^ H'3 remains unchanged and fi‘tV*~4ViV» 
■j-hVi^Vj— 3Vi* — ^P'2t*+5J5*» where » denotes claes interval 
Normal Distributions — In dealing with graphs on 
reqnency distribution, a smoothed curve, a bell shaped 
dr e has been drawn This smoothed curve may be ^ 
continuous and perfectly symmeirica) curve known as the 
Normal curve stretching to infinity at both ends (Figat* 
next Chapter' and it is the curve Tepre‘=entmg Normal 
disltibutiOQB. 

To determine whether a given distribution is Normal* 
we have to determine some other statistical parameter s known 
as a, p, *( define as *— 

“1=-^. “i--^ -1. “v'jat 



are'the measure of Symmetry and Normality. If 
distribution IS symmetrical if rt4 or /3a*3, the distnbation 'S 
Normal. The quantity a« measures a characteristic called 
* Kurtosis ’ te, flatness of the curve, a*— 3 is called the 
Excess over the Normal distribution If a* <j the curves is 
said to be platykurtic (flat-topped and short-ailed) if greater 
, than 3, then if it is said to be leptokurtic. (Peaked more 
sharply and long-tailid). 
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Fqi a Doimal c«ve Pi=0, E=®0. 

Skewoess can also be measured la teiins of Pi and P 
Tor a large class of curves to which the moderately ' 

>s a close appro^^imatiOQ, the skewness is given by 

, jCiL 

215 Pi-t fli-9) 


Example . — Calculate the four Moments for the follow 
<distribution of wages after applying bheppatd's correctionc 


Weekly earmtrgs, 

X R». 

Men 

/ 

D form 

JD 

5 

1 

a illeun 10 

-3 

- 5 

6 

2 

-4 

- 8 

7 

5 

-3 

-iS 

8 

10 

-2 

-20 

9 

20 

-1 

“20 

lo- 

51 

0 

0 

ll 

22 

J 

22 

1 ^ 

11 

2 

22 

13 

5 

3 

15 

14 

3 

4 

12 

15 

1 

5 

5 



V,- 



13 + 


Vj« 

v*= 


S / D* 74 

« 131 

S /D*_ 3718 


56, 

= 28 38 


Hence, using the formula for f4* in iprms 

Vi Vj after appiving Sh“ppard’s corrections, we have after 

.ilcutation, fi-s-Vj-Vi*— ^=255 

57-(3X2 66X 06J + 2X(06)*= 085 
H-*«28’4-(+X 06X 56) + 6X{ 06)*X264 
-'3(06l*-i(2 56)+'029“27 Dearly 
If we want to test the symmetry and normality, then find 
I and /S] 

Now, /3i= (2°s5jJ ” 00036 (approx ) 

Here fla>3, so that the drtnbution is leptoWurtic and 
lot normal As |3i is very small, symmetry exists 


Exercise IX 


5 I. — Find the first four moments about the mean for the 

r lata in Q I and TI. 

* 1, 2. 3 4. 5, 6, 7 8. 9 
■ 1. 6, 13, 25. 30, 22, 9 5. 2 

Ahgurh Unnerttty M.A. 1942) 
{Afff M'2=2478. M'3='‘67P, H'« = 7S'35 
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n.- 30—40. 40—50, 50—60, 

2 3 li 

60—70, 70—80, 80—90, 90—100 
20 32 25 7 

Find also Pi & 

Ans 172. -1320,94096, 
34. Pi=3r7. 

Ill — Compute the first four mot"ents about an 
arbitrary origio from the foliowtng frequency distribution 
of heights in inches of adult ItKhmen. 

Height 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 
Adults 1 0 2 2 7 15 33 58 73 62 40 25 15 10 3 

{Punjab Vntverufy M A 1942) 
Arts. '341. 4 821.4 468, 8f61 
IV —Data from a fisheries investigation, * being the 
numbers of tail rays m 703 flounders Find rr* and test 
for Normality 


X 47. 

48, 

49. 

50. 

51. 

52, 

53, 

54, 

/ 5. 

2, 

13, 

23, 

58. 

96. 

134. 

127, 

55. 

56, 

57. 

58, 

59 

60. 

61 


111. 

74. 

37, 

16, 

4. 

2, 

1 







(M.. 

A 7942) 3'3, leptokurtic. 


V — Calculate the first four moments about Mean of 
the distribution of \VeiBbt8 given by the following data 
after appbing Sheppard's corrections. 

Weights Seers, 57, 58. 59, 60, 61, 62, 63. 64, 65, 66, 
67, 68, 69. 70. 71, 72, 73, 74, 75, 76, 77, 

Men ?, 4, 14, 41, 83, 169, 394, 669, 990, 1223, 1329, 
1230, 1063, 646. 392, 202, 79, 32, 16. 5. 2. 

Ans. 6'533, -'208, 134 409. 
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VI. — Find and Pti skewness and Kurtosis for Q. V. 

Ans skewness= 006 , leplokurtic pi= 00015 & Pz—^ 74 
VII— Given * m Annas 156, 159, 162, 165, 168, 
Men • 3, 9, 26, 53, 89, 

171, 17+, 177, 180, 183, 186, 189, 192, 195, 198 
146, 188, 181, 125, 92. 60, 22. 4. 1. 1 

Find (be moments about (he Mean and Aj, a^. 

ArtJ. 43 35, -977, S508'56 ; 
as» — 033 * a4=2'92; (approximately Normal) 

VIll,~*FiQd the standard deviation, adjusted /3| and 
(after Sheppard's correction) for Q VII and test for 
normality ; Pi» 0012 /3j«2 93 (approx. Normal) 

IX —Find M>j, H-j, M' 4 , Pi, /Jjafter Sheppard's correction 
for 

* 3, 8, 13, 18, 23. 28. 33. 38. 45. 48. 53, 58. 53 
/ 5, S, 28, 49, 58. 82, 87 79, 50, 37, 21, 613 

Ans 5 34, 0292,76'1143. 
Pi & ^1= 00056, 2 663 

X. — Find moments after conectioos for 
a: 59, 61. 63, 65 67- 69 71 

/ 1, 29, 48. 131, 102, 40, 13 

Am. 4 7, -'S9, 82 85. 

XI. — Derive the expressions for moments about the Mean 
ipvme nf the moments about any arbitrary origin 
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Calculate the momeats for the lollowing — 

Marks 20—30, 30—40, 40—50, 50—60, 60—70, 70—8 

Frequency 6 28 96 75 56 30 

80—90. 90— »< 
8 1 
M A (HJath 

Ana Vi, - ~ OS7, t7S3, S13 S & 82333 

Xll — Calculate the first lour moments, /3i St and 
for symetry and normality 


XII— Weekly 15. 

16. 17. 

18. 

19. 20. 

21. 

earoiags 
Labourers 8, 

10, 15. 

20. 

25, 30, 

40, 



(C St 1945) 

Arts 


CH\PrER XI 

ELEMENTS OF PROBABILITY. SAMPLING, 
TEST OF SIGNIFICANCE AND ANALYSIS 
OF VARIANCE 

The theory of Probability pUys a very importani o 
not only in Statistics but m all sciences Here we si 
explain its meaniOK very briefly 

[f an event can happen in m ways and fails in n v, 
and ei'-h of the9» (ffl + «) ways are equally likely to .. 
the probability of the happening of the event is - - 

and that of us failling is 

The sum of the probability of the success p 
failure g is=* 1 



Wbeu A coin is tossed ? or a tail i« equally 

rely to fall th“refore and «; = i Tbe probability of 

awing 4D ace from a pactc of 52 cards is s-*? 

Events may be independent, dependent aod mutuall y 
clu'ive -in event E is said to be i-dependent of another^ 
ent F when tbe acinal happening of F does not influence 
anv degree the probability of the happening of E If 
e probability of tbe happening of E i« dependent on, orC^ 
’luerced bj the previous bappenin^of F then E is said to 
dependent on F 


Two events E aod F are said to be_^tually exclusive ^ 
lien through the occurence of one of them, say Fi tbe 
ler e\ent E cannot take place or Vice Vena 

Theorem of Addtiton of Probabthites'—WhtTi an event 
may happen in any one of tbe n diEerent and mutually 
jilusive ways, £i, Ee wii’i probabilities ^j. ^>>1 

^ D the probability for the bopeoing of tbe event E is 
111 to the sum of tbe probahili les 


Theorem of mullipltca ton of probabiliHes * — The pro- 
bility, p, for the simultaneous or consecutive appearance 
S‘‘veral mutually exclusive events is equal to the proiuct 
Kpi'KpjX pn The theorem is called, Theorem on com- 
mand probability’ \ card is drawn from a packet and 
3 >laced by a joker, then a second card is drawn The 

' *)babilit> that both cards are aces is p~pi^ p2~ ’s- 

no replacement is made, (Dependents Events), and a 
ond card is drawn, then ^=**5X5*^. 

If two coins are to*sed, there ate altogether 4 ways of 
•ir falling 
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HH HT, TH TT 
J ^ ^1 Sum=l 

If M coins be tossed the frequeno distribution of the 
respective chances of M — 2, 3, 2 1, 0 heads is 

given bv (i+4)" 

In general if p and ^ represent the probabilities of 
success and failure for a single event the fre- 

quency distribution of tbe Chances of n, «"!, «-"2, 

2, I 0, successes m the compound event is given by { 
su~cessive terms of the binomial expansion 

,'+ +,• 

Or p"-h«Ci fi"'“*9 + nCj «C' P" q’^ + 

+ g’* 

The \nihmelic Mean for this p n and ■r* x/ n p q 
(For proof s«e Appendix) 

If « the number of events be large and neither p n 
*For proof of tbe«e theorems see Appendix 
q very smsll, (hen approximates to the regu 

curve, te the Normal Curie or the Normal Frequent 
Curve or the Probability Curve or \ormal Curve r 
Error 

NORMAL CURVE 



fltf- -36 -Z6 -0-1 e I «- Txr 3s- 



HO 


Normil Curve ~~In tbe Normal ^urve as shown id 
the figure the origin is taken at the centre O, tbe variable 
IS measured along ahe x axis and its frequency along the 
y axis The chances of a deviation from the centra accord 


)ng to tbe Normal Curve are given as, 
Deviahon lytne between 

Chance 

5 <r and — 5 V 

3S3 

6745 -nd - 6745 ® 

5 

V and — » 

68J 

2 o and —2 ^ 

954 


The gnautity 6745^ is «aid to be tbe Probable error 

Thus for a variable there is a chance of 6S2 in 1000 that 
i deviation from the Mean will not exceed tbe standard 
ieviatioa and a cbaoce of 318 lo lODO or nearly 1 in 3 
imes that it will 

Similarly a deMation greater than 2o will occur 46 
n 1000 or nearly 1 m 19 or 20 Following this a pro 
labili y 0 ^ 19 to 1 against an occurrence is generally takes, 
IB th“ cnterian o{ sigoificance though some ' people use 
99 to 1 depending on tbe nature of the Variables Tables 
{iven above give (be probability of obtaining tbe deviations 
bf any size Such a fable is known as a Table of Probability 
Integral and may be found m Pearson’s Tables for Statis 
ticiacs and Biomeuiciaos 

The equation of the Normal Coive can b* written as 


N/2ir 


2ir* 


V being tbe total nnmber of freqaencies. 
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Tr* ftt the Normal curve^ assign atipropnate val’ 
(multiples of ®1 lo * We can oblain from this eq 
the corresponding value for y, or the Ordinates for the cut^v 
Alter securing some ordinatesi the curve can be trr 
fitted to the given data Putting «*a0, we get the maxim' 
ordinate, to be erected at the Arithmetic Mean. 

If the magnuude of the class intervals (i) is consi ' ^ 
then the equation can be written wuh Nr instead of 
In practice srraightforwaid normal distributions of pbj 
objects ate rate except in ceitain branches of biolog 
science. 

A’Pfiori and Emptrtcal Pro5<i6j/i/ies.— The probabi 
described aboie is of the a’piion type 1 1 , chances are 
from consideraiioo of the possible combmaiiops of 
isvohed In the majority of ca«es lo practical life, * 
(sctois at work are oo( definitely knows. So Empirical \ 
bability is used which is based upon actual observation 
expetimenc. Let m trials be made of which s represent 
ses and /, failures. The best estimate of the chance of 
event happening is 

t>=-^ , and of Don'OccurreDce is Empirical 

m in 

babihty depends on the numbrr of trials, if the number is 
large, the estimaie wil also be very accurate. According to 
lile table, ooi cf every i00,0(/0 persons living at age 10, 8'^ ' 
survive to age 40, ol whom biO die during the year, 
81,455 survive till 4l, Ihotelote the prtbabilu 
of a life aged ‘<0, dying within the year w 

be “ 01 the chance of his survivicg 



, Sampling — Fora comprehensive and bulky data, much 

time, energ> and money would be needed for its statistical 
analysis From ihe big mass of data a ptrt or parts may 
be taken to represent the whole Tnis small mass oelected 
^ from the big mass is said tob“ Representative Data’ or a 
sampl'^ The process of such selection is sampling The 
whole data is called lh“ population or universe from which 
samples are taken ^ 

Samp ing may b-* (l) deliberate or purposive with 
dehuite objects in viev [Z) Random witn no definite 
pu pO'>e (3) diratihed le to atgregate a hetrrog-^ueous 
imverse mtu homogeneous sub ^roii >« and to dra V from each 
subgroup a sample at random If (l) and (2) combine, it 
wi I be mixed sampling Random selection coosists is 
pickiig up at tandom from a big mass, such a f*w examples, 
HS can sumciencly repres'-nt (be whole population The 
ix^mplps thus selected are studied intensively As the 
deiiberace selection is likely to be prejudiced sa random selection 
Js preferred Surveys formed arc known as sample surveys 
' Geiier 1 laws of Statisiicah Induction (i) 1 be law of 
^ aii?tical Regularity wmcb lays down that a group of 
‘obj-'cts chosen at random, froma larger group tends to possess 
(the cl atactenstics of the whole universe 1 be sample should 
mjt be too mimIJ as icnay be biassfd or it rrPy not be 
representative 

Lveiy Item in the population must stand an equal chance 
of be TR included Lots may be drawn lot randomness and 
Tifpi-Mfe I, n 1 m ^un bers may a so be used {Jlandom 
) iiiiiDtfs rtfe al«o given m Fi«brr end Yates Tables) The 
- tft tf,* «> nnip ih^ tnnr^ rpli-ihl^ »r<* its indications 
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(2) The law of Inertia of Large Numbers It fell 
from (l) and according toil, ^ a t ge aggreggtfs are ^ cln^ 
jn^e ^iab^e ihe iy tb^ sirall oo s If the numbers involve 
are of great marmtade, the total change will hkely 
almost insignificant For instance, while ibe production 
wheat may differ from place to place, 6wing to the scarcity 
ram, the visit of floods or some other cause, the total prod jem 
of the t^'oild as a whole retnam fairly constant 

Both the laws are Msed on experience and the msuiai 
principles are oased on these The theory ol bcmpling 
based on probability 

Sampling fluctuations or Crrors 0 / samphns 
So sample can afCoid a petftet lepieseuiatiou of tl 
universe {torn which it la drawn lospite of pre«autvous 
secure landomness, variations uccar, due to the eleriieuts 
chan ce present in the selection buch varutiuns aie known 
sampUhS Enots or fljciua'ioQs Ine relidbility oi me sainpl 
depend upon tbetr pcubable magnitudes 

JIl^dSMres of Reliability or Tests of signtflcu},ct 
In general the lesoUs of sample inquires wiil suu 
differences that cannot be assigued to any UehnUe cau' 
Every ‘ample will have us peculiarities in the for n 
I, frequency distribution and to the ma^uituds of ^ts averat 
^siandAid deviAtiou aud^bewuess 

[» These differences are the fluctu Uioos and it is the a 
o f the tbeoty ot sampling based on the tueury oi PiobiDilii 
to supply tests with ibe help of which it cai Ictuu’ 
whetht-r ,mv given fluctuMion is statiatioa I> i„iiiti,.jiu or n 
We shell deal in this chapter wub the sij, nfiLduce 



Mean, Differences bscwMO neans, significance of st andard 
devia tion and of ibe cotrelatioo co-effici“nt r 

It will be found that a Urge oumbT of experiments show 
xiacy different values of the mean, each one departing more 
Sr less from the tru» mean of the entire universe If the 
Uandatd deviation of th* whole p puUtion is and we take 
I large number of random Samples of tt observations, then the 
beans of the samp'es will be distributed with a standard 

leviation If the u iiverse is normally distributed, 

<■ v' n 

be means also will bs normally distributed If the discnbuiion 
)f the universe is not normal the distribution of (be Means of 
Samples still tends to bs normal provided the size of the 
\aniples is suHiciemly Urg% but lo cases ol small samples tbs 
distribution of tb means is not normal • 

' The standard deviation of tbe entire population (some* 
imes called parent populatioo) is not generally known, so 
re have to take the standard deviatioo of an observed sample 
as an estimate of it The standard deviation of tbe sampl* 
ing distribution is then estimated from tbe standard deviation 
a single sample This estinaied value t e , ibe standard 
^deviation of the mean of a random sample, is called tbe 
Standard error of tbe miao end is given by i 

where v is the btanbard deviation ol tbe sample and n tbe 
^numh r if ob ervations in it. Probable Error of the Mean 
^ (ihough ihe probable error is not much used 


>D p actice)= 6745 standard error (nearly | S E) T 
best estimate of tbe mem of the population M“ 

± , The larger n the smaher the standard error 

v « 

when « IS sufficvendv latge> die standard error is alnijs 
negligible In examining the significance of the Mean 
of n Items xi *a x* for small sample the standarc 

devi itiOQ IS to be found 

by j where h— ■ '■epresents the numb“r 

degrees of freedctn foi calculation o Afiei t blaming * 
and in this way, we obtain the t' statistics which is 
essentially the ratio of the mean to ns standard error or 



Ihib * t disuibution is due to ‘ Student 
The following table (from Fisher and Yates tables 111] 
gives values of ‘ t corie«;pouding to different values oi N ne 
number of the degrees Ireedom (one less than the total 
Dumber of observations) 

It the calculated value of t' is greater tnan that 
given in the table for appioprnie value of N, the" tli* nuao 
IS sigciffcantly different from zero, otherwise noi 

Table values of corresponding to ptchabilny 
F - 05 (l-'els cf “igniticancel 
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w 

t 

s 

t 

N 

t 

f 1 

12 706 

13 

2 160 

25 

2 060 

2 

4 303 

14 

2 145 

26 

2 056 

3 

3 i82 

15 

2 131 

27 

2 052 

4 

2 776 

16 

2 120 

28 

2 048 

5 

2 571 

17 

2 no 

29 

2015 

1 6 

2 M7 

18 

2 101 

30 

2 052 

7 

2 365 

19 

2 093 

40 

2 on 

8 

2 306 

20 

2 086 

60 

2 000 

, 9 

2 262 

21 

2 080 

N~eet 

= 1 96 

10 

- 2 228 

22 

2 074 



11 

2 ^01 

23 

2 069 



12 

2 179 

24 

2064 



• When the 

number 

of observations 

IS large, calculate 

[ ® 
iV'« 

ID the usual way 




a Bxan-pie — 

Eleven school boys 

were given a test in Geo* 

metty 

they were 

given a 

month's further tuition and a second 

'«st of 

equal difficulty was held at the eod of 

It Do the marks 

ti re evidence that the 

students have benefited by the extra 

^caching ? 






Boys 

iJarki 

ilforfts 


Differences 



tst Test 

f 2nd Test 

X 


1 

23 

24 


+ 1 


2 

20 

19 


-1 


3 

19 

22 


+ 3 


4 

21 

18 


-3 


5 

18 

20 


2 


6 

20 

22 


2 


7 

18 

20 


2 


8 

17 

20 


3 


9 

23 

23 


0 


10 

16 

20 


4 ^ 


11 

19 

17 


-2^\\ 


The problem Is ' Is the_^njeao of the difference's between 
'the marks of the two tests sigoificantly different from zero ? 



= I and standard deviation 

i. ^ 




50 


ll-l 




Hence standard error oE the mean 

V~T~ ^ applying ‘ * test 

VTi 

~5 


«=1X 


*I J 


\ The calculated valne is le>s than thi value of t 
N — 11 —1 = 10 va tbe table Hence the m»ao of * is 
sign n-'an y diff rant from z»ro and the marks 
are not enough to prove tb adv inuge of extra coacbiog 
S gnificance of tke dff rena between two means 
statis tell lan^uags the problem miy expressed as Is 
dtir-»reoee fa*twe«a tbe mt*o% su fa that they might 
b*ea drawn from the same un vnse by random 
or are they drawn from two diff rent uciverses ot r 
lations ? For a Urge numb r of observations in the 
samples the stand ard" nrro r of tbe di fference 
^^MMisgven by ^ 


- where 


and ' 


standard deviations of tbe two independent (as 
given by two diff rent auihonties) and uncnreelated 
abtes nisnd na tbe Dumber of observations in 
sample 

If tbe d fl'rence between the two means is 
than twi e us standard error, then the means 
Sigiili a * Iv d T'*r»nt 
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jGiven the following 

Mark* 

Mein *j=l30 *j=127 

S D o-,* 14, ffj* 12 

of boys ID Class I & II «>— 81, hj=* 60 

The problem is to find whether thcmean test score Of 
Class I IS sigDiScantfy greater than that of the Class 11 
ercace between the MeaDS = 130— 127 — 3 

of difference " 2 nearly 

V 84 60 

The difTarecce between the Mean is less than twice 
standard etror hence the mean test score Chss I 
' not significantly greater iban of the Class II For 
'll samples i test has to be applied— -If »i iriare two 
■s of obseivations with means xi and xt respectively find 
expression 


G(x]-ari)* +£ Xj-x i f -Sfsay) 

(nj- l) + («a-l) 

W^ere ni & m are the number of observations or 
uencies The value of t is given by 


^ v„i 


hot the t table the degrees of freedom will be 
* The significance is tested m the same way as for mean 

fi 



149 


Sintidard Erron for, BAediAn, for standard 
iion, and Mean deviation, etc., are the following — 




pTobafaie ertor=*‘6745 S E 


o — ouja 1 — 

M Dev V « 

than twice Ut least) their S E. then the distnb * 
■not siRDifioanth different from the oormai form In 
when n is large, the error becomes smaller aod smaller 
Significance of the Co'efficient of Correlation r 
Standard error of r-*® — / a~ * 7 - This 




approx 


true when n i$ large la such cases tbe correlgtioo 
taken as differing significaolly from sero, i( r is i 
ihan twice (at least preferably thrice) its standard 
The standard error is genetaity applied when n=^Sc 
more In small sample®, however, the significance of r 
he d°termin"d with the help of*** tests, which is 

>/ 1 ' 

given in the table for *i’ lor m— I degrees of freedom, th. 
significantly larger than zerro Moreover Fisher and t 
(Table VI) have given tables for the values of r for P 
etc., and N = »i — 2 , The calcnlated value of r may sim 
be compared v?ith the values of r lo the table for signi' 
and degree of association 

The ‘ E ’ test I * * <» e 


by t ‘ 


• if the valne of t is larger than the 



ISO 


orrelation between two variables is different in two 
“nt samples, Fishei's ' z ' test method i: used, 
rding to this method r is transformed into ' z ' such that 


, -"i’loe, ;t>;j 

pbe values of z coirespondme to the values ol r arfc 


in Fisher and Yales tables 


''he standaid error of a is 


n/«- 


— and the standard erroi 


difference between two s’sis 

\l-' 

I V«i-3 *12-3 


* n\ and m the nwmbejs p<s\rs \a the two 
les If the difference between the two s's is greater 
twice Its standard error, then the difference is signiff- 


ysis of Variance 

'I'he analysis of variance is a useful method in scientific 
'jies especially m >lgriculture and Biology It may 
leffy explained as follows It is known that the 
ice of a variable is obtained from the surn cf the 
is of the deviations of items from the general Mean 
urn of squares can be split up into two portions Sup- 
ve have yields per acre ol 6 plots of wheat, three of 
plots are of variety a and three of variety 6. 

, (T .. 30 32 22 

t h 20 18 lb 

eni’»TPs is «!etiara|ed into one 
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d« 6 10 variation between the varieties Let the mean 
all observaitODs *1, arj ~ .be denoted by v, which id 
case IS ^^^ — 23 The mean of =‘<;8 and of 



(2) Find £(* — *)* which in hts case is (30~*/ 

+(32-231*4-(22-23lH(20-«l*+(l8-23)*+(16 “23^* 
®4g + 81+t +9 + 25+49*214 

( 3 ) Tiod the sum of S()iiares for witbio the vancr 
for (a), It IS (30-28)* + (32-28)*+(22-28)*»'4+16 ' 
»56 forlf.) u )5 (2D-18)* + (l8-)8)* + (15-18)»*4 + f! 
«8 

The total suni is 56+8®»64 »e we have ft 
XI (*-* ) and 2 * 

id 6 

(4) Ficd the sum of sfjusr«s for beltveen the tanti 
This IS. given by 3xt(>s-.23iHU8-23)*]«=3 [25 
— 150 (We obtain deviations of the means of aardi 
from the general mean aguatc aol then sum The wi 
sum IS multiplied by $ b-cause each value repre'=ents 
mean of 3 plots) 1 e we base found 3(E(>-„ —x ) + 

S(x, “*1*1 or 3 2\x —a)* wher- * represents the mean ol 

oil 

group 

(5) Addicg 13] and (4) we obtain the sum 
= 214, which IS the same as 10 (2) 


as 64 + 
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The sam of squares can a w%>s be divided m this way 
Dto two coTiponeats or parts. 

■ In genera! if there are k groups and « simple observa- 
lons ID each gmip. then 

,] (*-a:'^==S i; (i-jt )*+»i2 (x-T'l* In the above « = 3 
'jod k = 2. 

The degrees of freedom correspoading to the sum of 
qoares ars given for, Total Within Between 

‘ («*-!) fe(n-l) fe-1 

^ nd the variance IS obtained by dividing the sum of squares 
y (be degrees of freedom The analysis of variance set 
®p in the foilowiog table — 

^Sotttce of Variation 

sVuhin the Varieties 
(between the Vaneti-s 

{ ^ The variance for between tbe varieties is very high as 
(.nmpared to that for withm vatieties Geoeially if the 
,^ariances are signiaceotly diffeieP*. there is some specific 
,j^iusa of variation. To test the sigmficaucs find the ratio 

T =r where vj denotes the variance far within the 

arieties (known at=o as Error Variance) vt denotes the 
ariance for ‘ between the varieties.' 

.jj Tables have been constructeo by Soedecor for F, for 
'j and t>i degrees of freedom, fi being tbe degiees of freedom 
^ ' 3 * 

'" hr *■ within ' and n fo rj. between * thr varieties. 


S«m of Degrees of 
IS^utfreS ' Freedom 
64 4 

150 J 1 

214 5 


16 

150 
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1{ the calculated -value of F is greater than the value of 
F la t--' tabVs for n and « degrees of freedom, . then the 

differences between the varieties is significant 

Logarithms also can be used Fisher has given tables 
for 2 for the testing the signifi'^aoce where 


s = i log e F 
Exercise X. 


Find the ptobabiliiy of throwing 9 with 


htee dice 



2 In the Binomial distribution [p’^-qT find the 
Mem and standard deviation if 3 and «»®20 What 
IS q 7 

An* 6 2 04, 7 

3 A bag contains 5 white and 7 black balls If 2 
balls ate drawn, what is (he ntcbaUlil-y that one s white and 
the other black 7 


A 1943) An% 


5cj>t7ci 35 


12cz 66 

1 In solved Ex 1, let * be 4 1, 0, 3, 4 —4, 2, —2, I, 
Determine the significance 

A«s. iVo 


5 One purse coutains 1 sovereign and 3 shillings, a 
*eccind one cDntaii.s 2 sovereigns and 4 sbillmgs, and a 
third one contains 3 sovereigns and I shilling If a '■ 

IS taken out of the purses selected at random, find the chance 
that it is a soxereigti 
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6 . Number of persons Mecirt 

examined height a 

(1) ^00 67 5" 2 55 

12) 1300 68 6" 2 5 

Find whether the persons in ^2) are significantly taller 
than those from (1) 

il«s. ret. 

7 Apply ‘ t ' test to find whether correlation i® 
sigDificant, if r=‘6 and h=33 

Ans. yes 

8 Apply ‘ a ' test to determine the sigDificance between 
two coirelatiODS given by 

ri-‘472. ra=*377. «i=42, «je39 

Atts No 

9 Fit a Norma curve for a Itequeny distribution whose 
class interval is 10, <r is 21, Mean»“80 6, n^SOO 

fitni arae ± to find ordinate* 

Trace the curve 

10 Set up a tible of analysis of variance, for 

Plots Vanties 

(;) (2) (5) (4) 

a 140 145 150 leo 

b 100 no no 125 

c 200 ISO 160 150 

11. Give two series 

21*3. 20 8. 23 7. 

20'2, 16*9, 18*2, 


*1 

arr 




24 3. 
167 
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12 Calculate the sampliog error of the toeao jd Q 21 

Ex I 

(C St 1945) 
;i«s 0172. 

13 Set uo a table of aualyseb of variance and hud 
F, for the varieties of gram id the fcliowtog plots 

1 27 6 32 4 23 4 

192 186 165 

. Ans 12 8 

i. 

14 Set 00 a table of analyais of variance for yields 
of four ^trains of nheal planted in five randomised blocks 

Blocks 

35 38 36 

40 42 44 

45 50 36 

30 45 38 


Strains 
a 30 

b a** 

c 34 

d 30 


15 A bag contains 6 white and 9 black balls Two 
drawings of 4 balls are made «acb that. (<r) the balls ar* 
replaced before the second trial (6) the balls are not replaced 
before the second trial Find the probability that the first 
diawipR will give 4 vvkite and the second 4 black balls 
,vx each ca«-e 


Ans 


6 2jl 

65 ’ 55 

lltidtan Audxt and Accils 1945) 


16 A can hit a target 3 limes in 5 shot®, B 2 times 
m 5 shots, C 3 times lo 4 sbot« They fire a volley 
Wheat IS the probability that 2 shots bit ? 
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17 A bag cfiotams K sin i9ar balls \ part cf ora 
balls are drawn 

What IS the probability of drawing (1) an even nucnbt 
l2j odd number of balls (flJ A Altgarh 1943) 

k-1 k~1 

. 2 -/ 2 
~k- k 

2-1 2-1 

18. A aad B throw with one dice for a prize of Rs 
rvhich IS to be one by the player who first throws S'" 
If A baa the fir«t throw what ar» their respective expec 
tatioo« ? 

(Hiderabad BSc 1945) An$ Rs 6 &5 

19 It IS 8 5 against a person who is now 40 years 
old living till he is 70 and 4 3 against person now 50 
living till he IS 80 Find the probability that one at lea^ 
of these percoos will be ahvo 30 years hence 

Ans “ {Hydsrahad B A 1945) 


CHAPTEU XU 

INTERPOLATION AND GRADUATION 


In Chapter IV InterpoUtion was explained graphically 
In thie chaplet we shall deal wuh formalsE for interpolalioo 

(1) Newton’s formnia for eqmdibtaot spaces (equal gaps 
or equal inter v-als) 

Let X be the Independent variable or the afguinent, ji 
or J (x) the corresponding value for x or the function of x 




X 

«-Vto 
o + 2 tt> 


S or f{x\ 
/(ol 
/(u+w) 

/ vo + iw) 
/(a + 3v>) 


To find the \alue ol j* or / (x) for t valup o.t x lyiue . 
so mewhete between a and the last item in x for o + tw> 
Newton’s formula gives 


/to + xw>)— /kol + *h> /(«) 

4’»4X3X2-21 ^ /W 

^ xU-1 (*-Z)(z-3Kx-4) . 

+ SI-120 ''VW + 

Where fa / la)— /(a + ws~/ (aJ, known as 
tCDce of j[tt) or LilTerence of fit*-! order* 


Uie histdiffe* 
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S (a)— ^ /(o+w)— A f{a) known as the 
difference of / (a) or difference of second order 

known as difference 0 

third order 

^ /(fl + w)— /(ir+2w)“’/ (a + w) , ^*/(a+nJ 

= A /(a + 2tt>)-' A /(a + uij and so on. 

Example 1 — The population ot India in the followioj 
four censuses isi^iven in millions, to 6nd the popnlation fo 
1926 

* yf*) A A* a’ 

1901. a 294 ^ 

21 

1911, c + w 315 -17 

4 47 

I92l.ez+2u 319 30 

34 

1931, «+3tK 353 

{M.A.AUgarh 7P«)^ 

To find the population for 19' 6, put <r+Ji:w= 1926, 
since a is 1901 and wis 10. • at— S 

The first difference A f\a) is given by subtracting the 
upper value from the lower value or entry in /(*) Second 
differences A* are jbtaineJ by subtracting the upper value in 
column A from the lower vulue and so on 

These differences are placed in between in column 
A*, A^ as shown m the table 

In this way we proceed further When this table 
kn<'wn as Difference Table has been formed, we apply 



Newton’s {ormula, taking the topmost values for £1/(0^ 
Xi*^o) etc. (known as the leading diagonal) 

/;1926) = 2S4+SX21+“’2 X(~l7l + 

« X47 = 294+ ^'^ = 325-^mdliODS. 

® 6 48 16 

Newton’s formula is also written in the form 

. ^ . x(x-l) .j ,x(x~l]{x~2) , 

M — Mo + XA«oT- A KOT C A*«q+ ^ 

* * O 

tio stands for y(<r) and far the interpolated value. 
The serves will terminate after some differences. The 
tesulis obtained will to gsaerai be approximate depending 
largely 00 the nature of data and circumstances goveiomg 
the data being normal 

2. Lagrange's formula for unequal intervals Given the 

(ollowiDg 



b /{b) 

c /(c) 

d /{d) 

e /(e) 


where <J, h, c, d, —differ by nnequal gaps or intervals, fo 
find the value for any other *, the Lagrange’s formula is used 
which IS stated as 
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flk'i T -rf) 

(b~aHb-c)b-d) 

fij-^ (£~-2J* ~b)(x- c r—e 

(rf-a)(d-6,(d-cKrf-t) 

Baawp/e 2 — “Given * 


To find the value for ar“27 

Id LagraDge's formala put » 
and <1»35 


W A Pur:ab19d2) 


-14, 6*17, c“31 


/I271 = 687X <2?-IlX27-3I)'27-3S' 

(27-H)(£;^1H2L-35) 

(I7-14H1?-31|(17-3S) 
j,4j V (^7-H)(27-I7) ' 27-35 ) 
(31-H) 31-17K31-35) 
f27-14){27-^17K27::31) 

' (35-14)35-17)'35-31) 

= 49 3 nearly 

Lagrange's formula is also written as — 

^ (« -6){«-cl 

{a — 6)(a— c) 

( T-g)U~c) 

+ ”'''(6-«)8-c)._ + 
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Central Dt^trtnce Formulae — The following we 

liQowD formulae are also used for mterpolatios, the 
tne»t being taken in the middle and the dlfferenc 

table beior m the form 

arzumetit x fix) oe entry 

o-2uj fia-ZKo) 

a — v> fia — w) 

a /{a) 

a + w /(a+ui) 

a + 2xi/ /(o+2w) 

(1) Gaass iormcla 

/t(i+*w)=y(o)+x a/(a)+ ^Vlo-w) 

^ 

iZ) Siuimg fotmula 

+ f' 

/(» — «>)+ A* / (flf— 2 w) 

z 

+ AV(«- 2 w)+ 

l3) Bcssers formula 

i(a+;cw)=Hylc)+/(o+n;)}+(a:-^) A /(») 

• i<-^*y(a-w)+ £.*/(«)}+ _ 

The above (oimutac can bn written in the fcrm of u 
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after changing f (a+arw) to u^f[a)to , /(a — w) 
to »_j and «o on Proofs of these formulae are given later 
on 

The central difference formulas are applicable to impor- 
tant problems each as Subtabulatton. Estimation of popn 
lation for individual ages when popnlations are given in 
age groups, inverse interi>olatiOD, and derivatives of a 
fnnctioQ The detailed account will be found lO Calculus 
of observation by Whittaker and Robinson, Chap IV 
Graduation * 

Let ui. Ui «• be the set of values as a result of 
’ob«eTvation or experience, corresponding to eqnidistaet 
values of the argument If these valnes have been 
derived from observations of some natural phenomenon, 
tb-y will be affected by errors of observation, if they are 
statistical data they will be affected by irregularities arising 
from the accidental peculiirities of the data If we form 
a table of the differences A Mi=wj— mi, iO i<2==mj~ms.— 

^ it will generally be found that these differences are not 
regular, so that the difference table cannot be used for 
th« purposes to which a diffcreoce table is usually put 
namely for interpolated values of u, or differential co* 

' efficient of «i with respect to its argument 

Before the difference table is used, we must perform 
^ a process of ‘ smoothing ’ that is we must find another 
sequence 

h'i, «^i. m'j whose terms differ as little 

as possi ble from th e term of the sequence wi, «!. —««• 
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but having regular diffeteoces This Ismootbing v 
leading to the fotmation ol u'x, u'z .is fcalled vthe gtadna* 
tion or adjustment of the observations jor smoothing of 
the data For example, mortality is a fonctioo of age ana 
i( the mortality rates are tabulated at 'successive ages on 
the basis of observed numbers living and dying during ye 
or period of years, the resuUmg senes will ^bow a definite 
trend, having however, the fluctuations of sampling. The 
roust be smoothed betote it is used tor aoluarval 
purposes and U is the object of graduation to remove such 
disturbances in a systematic maoner, without spoiling the 
observed facts as fat as possible Smoothing can be done 
by using a freehand curve fitting the data and by using 
the melhod of maving averages There was several methods 
of graduation such as of Wool bouse and of Spencers. 
Thei are rather dtfEcnU to be given here They are 
dealt with in Calculus of observation by Whittakar and 
Robinson (See also Yule and Kendell) 

Exercise XI. 

1. Given the cubes as follows, find the cubes of 32 3 
and 33^X. 

Number, 31, 32, 33, 34, 35. 

Cubes 29791, 32768, 35937, 39304, 42875. 

Art». 3Sm 267 ttftd 36264'691. 
^ 2, Givan x 2 5. * 3, 3'5, 4, 

y 2V145, 22 043, 20*225, 18'644, 

4*5. 5. 

ir262, 16‘047. 

Find for x«2 75. A 


OVf>^ 
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Harks obtained 

Candidates 

Mot more than 4o 

447 

50 

484 

55 

505 

60 

511 

65 

514 


Estimate tbe number oi candidates securing not more tbau 
48 Marks 

i4ns 471 

4 The tnllciwiag are the annual preminms required 
by an Insurance Company to secure Rs 1,000 with profits 
by making twenty payments in all Wbat would be tbe 
premium payable at the age of 26 next birthday ? 


Age next birthday 

Years 

20 

25. 30. 

35 



Rs 

36, 

39. 42 12 

47 6 




Ant 

Rs 39 12 ans 

[uearli) 

'' 5 * 

fix) 


1 

X 

/W 

25 

52 



40 

84 1 

30 

67 3 


1 

50 

924 


Find the approximate value for ^=35 

^MS 775 


6 Tbe pressure of wind m pounds per square feet» 
corresponding to tbe Velocity In miles per hour has been 
determined by experiment to be approximately as follows — ■ 
Velocity 10, 20 30 40 

Pressure 11, 2, 4 4, 7 9 

Estimate the pressure for a velocity of 25 miles per hour 

^«8 303 
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7 Death KatsS per 100,000 population 



Typhoid 

T B 

1906 

3r3 

157 1 

1909 

1 21 1 

139 3 

1912 

16 5 

129*8 

1915 

( 12 4 

127 7 


Estimate the Death Rates lot 1010 

Ans. 19‘19 and U5'25. 

^ 8 3c 5, 7. ' 11, 13, 17. 

/(*) ISO, 392, 1452, 2366, 5202. 

Find the fanctioa by LagtaoRe's loimula when the 
argument has the values 9 and 6 5 respectively 

Ans 8/0 and 376 S75. 

9 Ag«8. Proporiton occupted 

ptr 70,000 o/»o<a{ 


10—15 yeAts, 

193 5 

15-20 

880 

20—25 

933 

25—35 

1636 

35—45 

1201 

45—55 

830 


Determine the number oodet 30 years 
Htnf — Take cuinulatives at 15, 20, 25 etc and apply 
Lagrange’s formula, with jc®»30. In a frequency distn 
bution u IS better to take cumolatives 

Ans. 2879 

10 In the following table ft is the height above sea 
, level and p the barometric pressure Calculate P when 
ft = 5280. 

71=0. 2753, 4763, 6942, 10593. 

/«“30. 27. 25, 23, 20 

(JH A. Aligarh 7942) Aiis. 24’5, 
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11 Id Q 2 find tbe valne for * = 4^ by Gau^s and 
Stirling formula 

Ans 18 3 nearly 

12 Given Sin 45*= 7071 Sin 50= 766 

Sin 55= 8192. Sin 60= 866 find Sin 52 

(fli A 1942) Ans 788 

15 E<^tiniates tbe population in 1925 of a place having 
the following record — 

Year Pofiulalionsn i Year Po^ulafton *n 
thousands tfiowscrnds 

1891 46 1921 93 

1901 66 1931 101 

19U 81 ! 

(M A 1942) Ans PS'SJI 

14 Given tbe data x, 0, 1. 2i 5, 

Ax) 2, 3, 12, H7 

’orm tbe cubic function of x 

(W A 1943) Ans »’+**— *+2 

15 The population of a country is given in millions 

1911 1921 1931 1941 

315 319 353 390 

Estimate tbe population for 1936 

(B Com 7945) Ans 372 8125 

16 Given Sales in thousand as 

1927 1929 1931 1933 1935 ‘ 

230 390 582 799 1035 

Ficd for 1928 

B Com Supp 1945) Ans JOYStS 
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2y4+3'3 



m 

There are four koowo qoantities, so pat the fourth 
lifference A* equal to zero to have a relation between y’s, 
;y*“’4>3+6y2~4>i+ja~0 putting the values of jij. 

We get 6y2 = 4{4^77+5395)-(5526 + 5890) 

Which gives 3)2=4745 lo practice for such questions 
ake up to fifth differences the data to get approximate 

e'uliB 


18 

Given lO, 20, 

30, 

40, 

50, 


48 8, 42. 

34 4, 

27 6. 

? 


60, 70, 

80. 

90 



14 3, 9 2. 

5*5. 

3'3. 


Htni , — pot Ai=0, then taking 3r7-43'84-6y5“4y4+yj“0, 

>9UU IS 

ys-20 65 




W9. 

Years n 

1916. 

1918, 

1920, 


Manufacture of Cement 

39. 

84, 

? 


In India m ICOO tons. 

1922, 

, 1924, 

1925. 



151, 

264, 

388 



(flf. . 

4 7942). 

A«s. 95’9. 

20 

Use Bassel’s formula 

to find / {35) 

given / (x) 

20. 

30, 40 and 50 to be 

51203, 

43931. 

34563 and 


348. 

. U,C.S. 1936\ An$^943U 

21. A student's union had the following numbers of numbers 
Its roll since 1935. 1935 .— 36,37. 37,39, 40.1941, 42, 
1944. 95,817.—, 798, ,770, 722, 7 707, 7il, 746 
Use 'the method of tnterpolatioa to make the best 
timatcs yon c&n of the numbers in 1937 and 1941. 

[CSi 194SX Ans. 8.158, 705'8. 


m 


22 Obtain by a graphical method the missing figi’ 
ID the following table of one per cent values of cbi 'qu 
and check the result by an algebraic method 


Degrees of 
Freedom 

1, 2. 

3. 4, 

5. 6. 7 

l^/o chi sq 

6 64, 9 21, 

11*34. 13 28 

X 16 81. 18 4? 

Degrees j 

8 

9 

1 


1 20 07 

21*67 



[ittdtart Audit and Accounts 1944). 

23 Given the population of a country in roilUona as — 
1901 1911 1921 1931 19« 

282 318 339 352 388 

Estimate the ];opulatiOQ for 1936 by an algshraic t 

and also by means of graph and account for the diiferem. 
af any 

Ans 36 425 Und*an Audit and Accounts 1945) 
-24 Gwen sa'es m Rs (000) as 1937, 38, 39, 40, 
HI. 42, 1943 , 800. 850 — , 790. 720, 810, 

Determine tne best estimates for 1939 and 1942 
' (U Com Punjab 1946) Arts 840, 685 
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CHAPTER Xni 

.ASSOCIATION OF ATTRIBUTES, CONTINGENCY 
'i'* TEST AND GOODNESS OF FIT 

The method of correlation described before is to find 
it the relationship between two senes having class 
itervals and frequencies In this chapter we shall briefly 
I ^ with association between two at tributes having class 
eguettctes ~ 

Definitions — Let A B, C, denote the presence of 
e several attributes, and a, b, e, the absence of those 
tributes Thus if B represents the attribute blindness * 
will represent non-blindness * i e sight If A stands 
r deafness, a stands fcr ‘ non A ' i e bearinB and so on 
be class all the members of which possess the attribute 
, IS cTlled class A, while all tbe members'^f ""which 
sssess tbe attribute B tbe class B and so on The 
jmber of observations assigoed to any class is known 
j^^^tbe^f^qi^cy of tbe class or ^he class frequency 
ombioation of attributes are denoted by grouping together 
lie letters that indicate the attributes concerned AB 
'^presents th* combinatioD of deafness and blindness, bh, 
pD blindness and deafness Combination of capital letters 
B stands for positive attributes and «i>, for nega 
ve attributes AB and ab are_thus pa irs of con traries 
(A’ which speciSeT^only one .attribute- is called a"class 
fThe^ first order, AB specifying two attri^ ea, _a.,class 
If the second order 

I All tbe classes of the same order which equal to 
le total number of atlnbntes, form an Agercgate of 
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frequencies of that order Tbos c6 A6, ab, trB 
an aggregate of freqnesoes of the eecoad order Whe 
no attributes are specibed, ibe total number of 

i5_ denote d fay n and is reck oned as_aj?pquency 
yprder zero While tabulatiOB, class freq'uen cies sh ould 
arranged so that {requencjes ol the same ordaj; and f refnent. 
belonging to tbT~’same aggregate are kepl_ together I 
may beefed ”that, A will denote the number of A's i e 
objects jjossessing attribute A . a 'wAl deco's the number ^ 
rt’a 1 e , the objects not possessing attribute A on 

\B will denotCi the number of AB s t e , tbe objec 
possessing attributes \ and B and soon for others 

a table for t he case of 3 attribu tes, twroty set 
'^eguencJes will occur, 1 of order zero*»i 6 of the 

5t3ef’~ A of second, and 8 oi the tb 

* 

k 

In general for h attributes, there are 3 distinct class f,,. 
encie*. if n is counted 

Any cla«s frequency cao always be expressed m « 
of ciaSs frequencies of higher order Thus A+o«=« 
AB + Afc*A , AB+oB“B, a6+o6 = cr = n'-A 
and AB*=ABC + ABc Every class frequency can thus 
expressed in terms of tbe frequencies of tbe highest 
I e , of order k Tbe classes specified by k attributes t t 
those of the highest order, are termed tbe ultimate clas^ 
frequencies Thus 

A“ AB+A6«=ABC+^?c+A{.C + A6c. 

Every class frequency can be expressed a« a snm 
certain of the ultimafe cla«s frequencies If the v 
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iss-frequsncie' are gnen, the frequencies of the positives 
asses, including n can be worked from the relations 
A'en abo%e Th" number of altimate class frequencies 

2 and the 3 frequency may all be expressed in terms 
i I 

2 ultmate class frequencies or of the 2 positive class* 
juencies ^ 


Cniertan and 7'ei/a o/ Indepennence of Attribuiet — 
there is no relationship of any kind between t^o attri* 
:es A and B, we expect to find the same proportion of 
i amongst the B's as amon^c the not-B's. such 

related attributes may be termed as indepenchotjand the 
termn ol Tndepeadencff for A aod B is 


^ (l) This cntenan may be put into 

t> 0 , 

ferent bat more convenieot form as 


AB AE + Afi.. A 

B B + 6 fi 

AB 

From thi« we have 


U) 

A_ AB 
rt ’ A n 


or AB = 


AXB 


and ^ ‘ wbicb is frequently applied 

n « n 

From (l) also follows that A6= 


The third form oi the test of independence is 

ABXob ^gxA6 being equal to 

fraction, therefore, from this follows, 

AB X ab =■ (iB X Ah 
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4ssDctci<fon o/ Attnbuies — Let tbe attributes A 
B be not todepesdect bat related in some vraj or 
Then if A and B are said to be pcsitiv 

associated or simply associated If AB< A a nd 

are negatively associated or sirngiy disassoc ated I 
Exercise Xll 6) It may be noted tliat in Statistics 
butes are to be a<>scciaied only when they appear 
10 a targe number of cases than they are expected to 
they^re lodepeodent 

To measure tbe degree of association there 
seteta) co efficients that bave been devised but simplest is 

n«. ABXa&-AbXflB 
^ ABX«b + A3XaB 

If QasO the attributes are mdependest if i 

are completely associated and if -*/ they are coir 
disassociated The artiibntes can be put m the form 
Table with either A or B on tbe column or row 
having two rows and two coluooos thus (2X2 fold) 



AUnbute 


•Attribute 

B 1 b 

Total 

A 

AB \b 

A 

» 

aB ab 

a 

Total 

B 1 !. 




17 + 


Contingeucy Tables aad *Co*efficient of Confin* 

:eocy.— Let the classification of the attribute A. be s-fold 
ud that of B’s t fold There will be st classes of the 
ype B (I and m may take ao> values L 2, . .). 

^et the frequencies of A’s be denoted by(Ajand of B’s 

>> (B ) and of A B by (A B ) and so on The data 
m in I m 

an be set out id the form of a table ol t rows and 

columns. The table described above is fourfold (2X2 
lassificatioo) 

• 

A general contingency table is of the form (s Xf fold) 
Attributes A Total ' 


B 


The frequency of any class A^ B is entered in the Com- 
partment or cell comtnoo to the i-tb coluom and the m tb 
I'ow The frequency falling m a call is said to ba the cell 
'requeocy. II A and B are completely independent for all 

' /aloes , the (A 



Ai 

Aj 1 

A. 


Bi 

(AiB.) 



(A. Bi) 

(Bi) 

Bi 

(fliB.) 











Bi 

(A.B. 



U.Bt} 

(B,) 

Total 




(A.)| „ 
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If A and B are nnt compietely rodependeot {A^ B ) 
and (A B )' will not be mdenncaJ Let tbe 
(a B )— (a B )' be denoted by . 

The CO efficient of associetion or the co efficient of i 
square contiDgency is given according to Pearson by , 

C- ( IaTW' ) 

!chi sqviarel IS square contingency and 

A>XB m 

n 

A simpler form due to Yale where 

S®S where A, B are the actual 

(AjBm) I tn 

obesrved freqneaetes. 

It is desirable for the calcnlatiQQ of C» to use a (5X5 
fold classification. 

General procedure — To find '('*, first of all cal'* ’ 
the frequency which would be expected m each cell on > 
null hypothesis i. g., oa the assuoiptioo that the two att f 
bates are not associated* wi th another at hll i .e , 

(A^ for all f and m. Subtract this e> 

frequency from the actual observed Irequency in each 
square these diffeiences and divide by the 
frequency (.\ B )' to get II the null byqotbesis 
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/ correct '!'* and C will be' zero To test the contingency the 
Calculated Value of 'j'* may be compared with the 
Values given by Fisher (Fisher and Yates Tables IVl for 
N degrees of freedom for Probability P—05 (S percent 
^ level of significaDce) If the Calculated Value is greater, 
^ then the Nul hypothesis is di'^proved and thus there is a 
significant association The degree of freedom are gt^en 
by N=®(s — 1) (t— l) where s IS the number of columns and 
t the number of rows (« g See Exercise KlI 9 ) 

Table of V (5 per cem level of significance) P = 05 


N 

V 

N 

K 

N 


\ 

3 S4t 

11 

19 675 

21 

32 671 

2 

5 991 

12 

21 026 

22 

33 924 

3 

7 815 

13 

22 362 

23 

35 172 

4 

9 483 

14 

23 685 

24 

36 415 

5 

11 070 

15 

24 996 

25 

37 652 

6 

12*592 

16 

26 296 

'26 

38 835 

7 

14 06? 

17 

27 5B7 

27 

40 113 

8 

15 507 

18 

28 869 

28 

41 337 

9 

16919 

19 

30*144 

29 

42 557 

10 

18 307 

20 N 

31 41 

30 

43 773 


Goodness of Fit — The distribution leads to test' 

of the correspondence between theory and fact and is 
described as a test of the goodness of fit If an ob'erved 
frequency distribution of a variable is given and we want 
to examine the validity of some hypothesis about it, this 
can be done by calculating the expected or theoretical 
frequencies and examining the agreement or goodness of 
fit’ of the observed and tbeor*tica1 frequencies with the 
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help of '^*“2 




wbete f denotes the observed 


d? actual ftequencie® and /, the theoretical frequencies 
The whole working is the aanre as for in coDlingency 
described above The value of 't'* may be compared from 
the Tables (Fisher and Yales) Further if the probability 
IS very low, it will mean a poor fit, if high then the fit is 
cxcelleot and so on (See Exercises No. 13). 


CooUngency tables with Small Frequencies, 

Yates cotteevtons 

If the number of frequencies lo ooe or more compart* 
menu of the table is small (less than 5] ceitaio chansss bate 
to be ma4e to obtain belter lesuKs 

Yates correciioD is made in tbe smallest frequency, i e , 
add i to the smallest (tequency in the conttngeocy table 


and adjust other 

fiequescies so that 

tbe marginal 

totals 

remain the same. 




eg. 

Attached by dtsease \ 

aitazkzdl 


Inoculated 

10 


13 

Kot Inoculated ^ 

^ J 

s j 

7 


12 t 

8 ' 

20 


In ibe table the frequencies according to Yales cortecuon 
ate changed to 


95 1 

35 j 

1 13 

25 

1— 

1 7 

12 

i 8 ! 

20 


The rest of the procedare is the same as for 'J'* distribu 
tion In the above example Comparing Jroni 
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he tables for one degree of [freedom the resait is D<3t signi 
leant, » 


Exercise XII. 


I [f A and B are indepsadent attributes, manv 

AB will there he in 1000 observations il there 9^® 

A’s and 400 B’s > What will be the number of ob’s > 

AXB 100X_«0 . 

1000 ' 


Sol — Using AB= - 


- = 40. 


1000 


2 Given the actual observations as, A 
peop{e)=30, B (not attacked by sojaJJ*pox) "60, 

AB (neopte who were Vaccinated and not by 

sma11'pox}"12 Are the attributes A (Vaccination) and B 
(exemption from attack) independent ? 

Ans, Yes, t e. Vaccination and exemption are not related 
at all. 

3. In Q. 2, given <r6 (people not vaccinated and 
attacked) = 58,are a and b lodependeat 7 No^ 


4. lriQ.2if AB = 15; o6=68, A6»=Z0, 
are A and B independent? Use the lest, ABJ4<ib = aB 
X A6 Yes. 

5 If the second order frequencies have th^ values, 
AB=110, oB = 90, A6 = 290, fl6 = 5l0 test the independence 
of A and B Atia No. 
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5 The attributes m Q 2 are placed m the form w 
table as 



A 

<z 

n 

B 

fO 

10 

70 } 

6 

20 

10 

30 


80 

20 

lOQ 


Test the association 

So( — Applvicg (he test of associatioo AB > 

80X70 

we have 60 is greaier tban— ---- hence the vaccination 
IVO 

exemption from attack are positively associated 

jXb 20X30 
n ‘ ^ 100 ’ 

and 80 a and 6 also possess positive asso*'* 
For Attribates A and b we 6ad Ah’” 20 is less 

AX6 80X30 . , , 

— I e — *****' negatively 

Similarly a and 6 ate disassociated 


Also ah <^10 and is greater than- 


7 Test association between injection against typbcx 
and exemption from attack.from tbe contingency table 
- N'ot aiia^ed Attacked I 

•b Injected 270 10 | 280 

^Nollnj u ^80 60 ' 540 

ISO I 70 I 820 

A«i Atsocialed fiosilti 


6 Determne the Co efficient of association for Q 6 

Ans 
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9 Find and test for association the followiiig data 


1 

4. 1 

At I 


Bi 1 

1' 

2)5 

325 

60 

600 

B2 

135 

173 

90 

400 


350 ^ 

500 

150 

1 1000 


Sol — First construct the table for expected frequen- 
is 1 e , of Independence Values by finding 


(a, B Y= table is 

I m n 


Ai 1 

At 

Ai I 

600 

350X^00 

210 

300 

90 

1000”“ 

140 

280 

60 I 

400 

1000 


210 

— (■ 
300 

60 


srly Degrees of freedom are (J— 1)(2'- 1)“2 
s from the table '}'*=5 9 The calculated value's much 
jater than this value hence the Null hypothesi# departs 
nificautly from mdependence and there is s'ginficant 

jociation and C *= ^/— - 
> 1000+(30 5) 


10 Is there a significant association between A and B 
}m the {oUowiDg (2X2) table 7 


b, 26 
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Sol— For (2X2) tabled'* can also ba determined (ron 
the formala 


■ T [a-^b'i‘C'i-d)(ad~bcY 
^ (a + i)(ti+cK6+dHc+d) 


Ans Fes 


11 Determine the CO efficients Q and C for the tai 
and compare these with Yale's co efficient C 


A.Uribntes i 1 I 

, 2 

1 

1 Uso ■ 

1 242 

2 1 36 

I 272 


aAs! 


12 Given the following cootingency table fot Han 
Colour (5 categories) and Eye Cotonr (5 categories). F 
the vala* of C. Is there good associatioo I 


0 

0 

2 

10 

11 


13 

69 

189 

13 


96 

336 

91 

6 

22 

89 

32 

5 

0 


e 

1 

0 

0 


>ln4 73. yes 

1?. Examine the goodness of fit for the follow 
freqaeocy distributions, total 396 and degrees of freedom 8 



0 1 

2 

5 

4 

Actual frequencies 

15, 38, 

76, 

70, 

64, 

Theoretical 

8 2, 32. 

ers, 

80, 

777, 


5 6 

7 

8 

9 

Actnal 

53. 31. 

19, 

14, 

20 


6(y5, 39*2, 

22. 

10*6. 

7*3 

Sol — is greater than ^ in 

the tab'e 

fot 8 

dsgriei 0 


■freedom, aod so oriSibility i-. %“rv sm i th* 
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eries is a bad €t to the observed distributico. Tables exist 
iving for different valaes of probability P. Generally 
; P IS less than the selected fidicual limit of ‘05 or of ‘01» 
be hypothesis is said to he false 

14. Given the following Actual and theoretical Normal 


:equencies 

(total 

400) 

Test 

the goodness of 

fit (degress 

f freedom 10) 






ctual 

4 

11 

17 

29 

43 

56 

heoretical 

4‘6. 

7‘o, 

16‘8, 

, 30 3. 

44‘7, 

59 1, 


58 

63 

61 

25 

20 

9 


65, 

60 4, 

47 5. 

31 16. 

18 25, 

88 


4 







5’3. 




Ans 

Good 


15. The table given below shows tbs data obtained 
nring an epidemic of cholera 

‘ Attacifd Not Attacked Total 

Inoculated 31 469 500 

Not Inoculaied •» 185 13t5 1500 

216 1784 2000 

Test the effectiveness of inoculation m preventing the 
ttack of cholera. 

[Five per cent value of >!'* for one degree of freedom 
3‘84 ] ' 

{Indian Audtt and Accounts Service 1941) 
Ans Signiiicant 
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16 Di'cu s the reseirb antft of statur cf parei(ard 
offspring from fhe following — 

Parent 


Offspring 

Very I 

Tall 

1 Tall 

i Medium . 

1 

1 Short 1 

Totflf 

Very Tall 

20 

30 

20 

2 

72 

Tall 

14 

125 

85 : 

1 12 

23 fi 

Medium 

3 

1*0 

16S 1 

, 125 

433 

Short 

! 3 

' 37 

68 1 

i 131 

259 

Total 

1 40 

332 

338 ' 

1 290 

’000 


(ICS 1936) Ant Great J 
17 The following table shows the association, atrorg 
1000 school bovs, between their general ability and then 
mathematical ability Calculate the coefficient of contingfucv 
between the two 

General ability 




Good 

Fair 

Poor 

! 

V 1 

Good 

44 

22 

4 


Fair 

265 

257 

178 


Poor 

4i 

91 

98 


V A (Maths 1945) 

A ns '}/*=^6SS 24 

IS In an experiment on the immunization of u,i 
from anthrax ihe fol'owipg tesnlt' were obtained Der 
your inference on the efficacy o! the vaccine 

Died of anthrax Survived 
Inoculated with vaccine 2 10 

Not inoculated .6 6 

Ondian Audit S AccHs 1943 
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19. The following table gives the re ults of a series of 
controlled expenmen s Discuss whether lh“ treatment 
may be considered to have any positive effect 


Positive 

Treatment 9 

Ccmttol _ 5 

No effect 

2 

6 

Negative 

1 

3 

To*al _ 2 

a 

4 = 24 



(Itidtun Audit 1944) 

20 The table below 

show® the 

data obtain'd during 

an epidemic of cholera 




Attacked 1 

Not attacked 

Inoculated 

30 

470 

Not inoculated 

185 

31S 


Test the effectneoess ol ipcculatioD id pre\eatiDg the 
attack of choleia 

(C. St 1945) 

21 Explain the ii*e of the Tests of significance and 
of association m the analyses of commercial data 

(W Cow 1946) 
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CHA.PTER XIV 

CORRELATION RATIO PARTIAL AND 
MULTIPLE CORRELATION 

The methods oJ measuring correlation described 
ate useful when the regressions of the two variables t 
each other are linear If regression is non linear the degre 
of association is measured bv means of the Correlati 
Ratio 

There are two Correlation rat os for each pair of % r 
ables X and y explained below 


Let “the number ot ))S in my 

array x. 

P 

y^is any y in array 

^t> the mean of y s m any 
array x^ 



y the mean of all the y s «■ » the variance of y s 
P 




array x 

a * the lariance of all the y s 
y 

in 


tbeo the Correlation Ratio ^ '' ' 



1«6 


where n is the total number o» freguenci“s for the whol® 
listribution. 


Similarly V^x 


k(v-‘)‘) 


For application of it see £xerci«a No I 
Correlation Ratio is. in fact, the ratio between the 
tandard deviation of the means of arrays and th“ standard 
leMation of the whole sample and is chiefly used when the 
lata are numerous and can be arrayed in the form of a 
Correlation Table 

In flodmg *7 , the oumetical values of x \ariaie8 


ire not u«ed, hence it is possible to flod correlation raiio 
vbeo only one set of \ariates is quantita'ive, the others 
may be aitributes such as eye colour intellectual qualuies* 
^he CO efficient of correlation r, cannot be found when one 
ranate is qualitative, for that we must have both quantitative 
-ligb correlatioo is a«socia(ed with values of V spproachiog 
inity 

When the frequency dislrlbatioo is normal the correla- 
tion ratio is identical with the correlation co eTicient r 
I _n* 

The Standard Error of 7 is - 

✓ »i 


Partial Correlation — Sometimes it may be desired 
3 measure the relationship between the independent and 
he dependent with the effect of other independent variables 
leld constant or eliminated Two variables x and y are 
■orielated paitly on account of the fact that each of them is 



correlated with a third variable z We may be required 
to find the correlation between * and y, quite apart ('■om 
the voflaen''e of z This \a don- by th* m* hod of partial 
correJatiOD for loslaace, yield of a crop of cereals depends 
paitly on rainfall partly on snn«biae and other conditions 
The re atioasbip between yield and raiafaJl can be worked t 
keeping other couditton constant 

The correlation between x and 51 with the effect of 2 
unchanged or ignored, is given by ifa* co efficient of partial ! 
correlation (of first order) 


Vl-r* 

*8 yz 

Ot bneflv r, s- _ 

v'i-r’„ ✓l-r*,, 

Where f_ means the correlation between x anriy, t 
xy t 

being constant, r is tbe correlation between * and y, 

xy 

between x and e between y and z 

If there are four ^ar^3bJes, the coefficient of 2Dd order 
is (keeping z and i* constant} 


^xy zu = 2 

X»» 8 >14 2 

Or bn -fly ru u = — 

la this way we can proceed to several variables 



BxampU — Three tests in mathematics were given to 
a giouo of «tucl<»Dts and three sen of scores were corre* 

fated with each other, giving i* ='6,r = 5, r —'4. 

xy ' xz yz 

What IS the correlation between first and second keep* 
ing the third constant > 

^ 6- SX*4 — « 5 

vr.^,'1^ '’5 

Multiple Correlation — la simple correlation we dealt 
•with the relationship between the derendent variable and 
a simnle lodeperdent variable 

Multiple Correlation is a measure of the combined 
effect of two or more independent variables upon one depen* 
dent variable For tnstaoce, the simple co efficient of 
correlation between rainfall during a certain period and 
yield of corn is less than 1. This clearly indicates that 
some other factor and factors must be taken into account 
if we want to measure tbe effect of all the independents 
noon the yeild of corn. Tbe co efficient of multiple correlaj 
lion IS a numerical expression of tbe extent to which one 
dependent variable IS related ti or influenced by the joint 
or total effect of two or more factors Mnlliple Correlation 
15 also known as multivariate correlation, just as simple 
correlation is called bivariate correlation 

Let ‘'i, *^3, ‘’’a denote the standard deviations of 

I the variables or characters 1, 2, 3, 4, (xi, xz, xi, *4. say) 
* then vjj IS the standard deviation of first one character xi 
when the influence of 'econdxris kept comtant, <^123 the 
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S deviation of fistt when the mflaeace of 2nd and 3rd Xi 
acd xs IS kept conUat « 

2'“''! V”1 ~r’i2 \^l'~r^23 

V^l 

234='^l v' 1 -rV ^i-~r*U23 


"JSW — « — — r*12 f*U2 '^1~^*«23 


v'l-fin 234 


(n-l) 


Similarly other standard deviations can be written by 
analogy such as 

The standard ettor of an estimate of x from a reeres* 
sion equation is <^3 sjt ■> 

The CQ efftcieoi of mu tiple correlation is gnen by 


R’i« 




Where Ri a 's the co efBcieot of the chararcter (1) with 
the chitactet 2 3 4 n 

Exercise XUl 

I —Find the correlation Ratio for ibe following table 
(Daw«onl 


II 10 9 8 7 

6 4 \ 

5 1$ 6 1 

4 27 14 5 I 

3 26 15 6 I 1 

2 12 26 7 3 I 

1 5 29 13 4 3 

0 4 13 22 17 8 

-1 2 5 17 19 H 

-2 •! 2 7 15 20 

-3 0 I 3 3 13 

-4 2 16 

~5 1 2 

-6 


6 5 4 3 2 1 


1 0 1 0 I 

2 2 2 0 1 1 

5 4 3 3 2 3 

10 10 7 5 5 6 

20 18 10 12 9 12 

12 12 13 16 15 11 

5 4 6 8 5 4 

1 112 1 


tto 

So?. — The Values for « . for each columu in x are 
P 

99,112,83 40,38. The Means t e , corresponding to 
each array of x are 3 28, 1*839, *265, —'769, —1 75, — 2‘824, 
-292 -3 116,-3 333,-3'375,-3 184 and y = - 674 and 

=2 87 

y 

Find y — y , square and multiply by the correspond* 
P 

iQg Values, n , the total sum is 4081*1. 

P 

_408l I 

" yx~ 700X(287,* * ®^* 

II.— 5 + 32101234 

200-210 ... 1 1 6 5 1 
190-200 2 4 8 9 9 4 4 

180-190 3 8 15 24 9 3 

170-180 2 9 14 24 17 7 

160-170 5 II 19 17 9 3 

150-160 1 4 I! 12 13 5 2 

140-150 2 2 9 8 4 2 

130-140 2 3 2 .. 1 

120-130 1 1 I 

Total of frequencies=339. 

Anj '6 nearly. 

Ill “Given the following :r between supply and 
price of a commodity*® — 9, r between exports and price 
= -’75,r between supply and exports = *6. Calculate the 
net relationship between supply and price with the effect 
of exports held constant. 


Ans ~’8 
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IV. — Gwen tbe foUowrag cottelaUons for mteUigeni. 
tests, of 200 students , 41, =» 71 « 5 

where t denotes intelligence test score, e, age, s, scholar 
achievement. 

Find r , f t r and their Probable Errors 
IS. a in.s as 1 

Aw. 'fij, 09, S ^ 

Hint. — Probable etrots are sound m the same way 
for simple r 

V — Given, ni3*=‘'“34, '43 f»'j=''187 ; 

rui®= — 43 ruj’* *'*62 , 2 find the values of rinji ■- 

ri> z3 (approx ) fansweis m all tbe questions are approxim' 

IQ decimals) 4tj$, —‘29 and — 

VI. — The Cbrrelaerno betweea tbe lotelhgeoce-ratios 
%nd height of 406 students was 24, that between their 
and height was 85 and the correlation between tbe age 
iDtell(geQce>ratio was *007. Taking height as > ’ >... 

i, age 3, inteiligence*ratio 2 V|,»IS22, find tbe standard 

* error of estimate end co-efficient of multiple Correlation 
SoJ. — First of all find tbe partial no eSiciBats, 

Which are em** 46 , rni=— 4l5, >-133**88, then 
’^iy*6'9. 97 and R* 98 

Vff. — Given cri = 44'7;rw*— 5 ris»»=— .62, 

rj* 23* “ *05 find Oi 331 and R Aw. 4 i3 and 78, 

VIU.*Fot three 'Variables given V|S*17, i>.=si s 
‘'3=3 1, >12= —65, ri3=— 13, ro=6 Calculate the C., 
efScienl Rxjs, R];3and Rj»> 


,4«f. '75 '85 "7 
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IX — Given for three agricultural products ri2 = ’24, 
•ij— 85 ri=07 <^1=15 2 determine Ruj (C st 1945) 
iiBteee Ex VI 

X =Fmd the Regression equations for Q VIII. 


Sol — '^he regressioQ equations will be for 3 variables, 
fi, Xz and « ar2+fci32a3 

where <>j2 3=fja 3 etc 

*2=623 1 *3 + h‘»l 3 3 Cl * =6312X1 + 63 1*2 

il«s X\ - — 1 2 Xih 23xi X 2 = — 44 *1+ 2 *3 • 

* 3 * B4 * 1+2 2 Xi 


CHAPTER XV 

MATHEMATICAL THEORY OF INTERPOLATION 

We have already exolaioed loterpolatioo and its method 
if calculation in Chapter XII 


In this chapter matbematical proofs will be given 


Symbolic o^eralors The Interpolation formul® can be^ 
expressed in terms of operators and E, defined as follows 
'or a function y(a+*ui) with equal intervals w 

£>/(»)=/ (iT+ui)— /(a), known as the first difference of 

f(rt) 


A^/(o + W)J=A /(ff + u>]— A /(o) 

-J (a+2u>)— / («+w) 
/(o+w)— /(o)> 
‘=/la+2w) — 2/(a+u>)+/{a) 


known as the second difference 

and so on 

Difference Table — Tbe differences ate arranged in the 
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«= /(a + nw) — n/(a + Mt4> ~ w) + 

— 2^ — /(a + Mtu — 2»>) — y(a + rtW“3u)) 

+ . +{-i)VUl 

A^axn since • 

/(a + xu>l = EV(o)“(l+ ^JV«)wehave after expanding 
as biBomia) 

y(o + xiiol=/[a)+ic&V(«l+*^*^ “Ax^a] 

_ a'/(o) 

which expresses the {auction terms of fia) and the succes- 
sive differences of/Ca) 

It u customary to denote ft C as 


BxampU To express aV(<*) io terms of the fatsctioss 
and /(rt + 3«j) in terms of successive differences. aViu>) 
'»J[a + 3 utl — 3/(<i + 2w) + J/(o + w) *“/(o) 

/(a4*3u>) in terras of/ta)aod successive differences can 
be written as /(a+3tti'**/if»)+3A/ta1 + 3 A*/(rtl+ aVIo) 
which can be veriff'd directly by the definition of A^ 
A* and A’ 


If a function is in the form u then A u 

T, w « 1 ; 

‘eg, 

A*u!= Ah — Av and so on 
X X+I X 


Difftrencet of a Polynomial and factorial Polynomials 


Tfieorem If there is a polynomial of nth degree, proie 
that «th differences ate corstant and (« + Pth 
differences zero 


Proof 


Consider the polynomial 
/(x)«Ax'' + B*"*‘+C*"*+ 
=^(o+w)--/Ca) 

“Affad-w. 


. +K 
‘'‘>+ - 


in 



Using tbe Bioomial ibeorem* 

((i+w)" = ** + nty'i’‘— *+(«*)»*«“ *+ 

From (l) 

A/(a) = A{fiit>a" *+ waWa" *+ ui'J+B 

(rt-Utfa* ^+# )+ wh ch i3 a polynomial 

of degree (n— 1} in a Tbe first differences of a potynointal 
thus represent another polynomial of degree less by one 
Proceeding in this way we derive that t th differences 
represent a polynomial of degree (n~ff} or are constant and 
the (n+l)th differences are zero 

Tho polynomial zar — l)ar — 2)- {* — r + l)is denoted 

by [jc] or z or * and may be called factorial polynomial 

Thus — l)f«— 2< — (o— + 

[«+ 1] «(«+ 1 )aia - l)(tf -2) {a — r+3)(<*“r+ 2) 

a[o] =[o+iI-[a] 

-rW' ‘ 

Or in generar A(z)"**n(z]» > which corresponds to 
-^^z*=nz” ' ID differrntial calculus 

Theorem Show that every potyoooaial can be expressed in 
terms of factorial polynomials 

PfooJ Let /n (z) be a polynomial of nth degree Dividing 
by z, /n (z) = fl+[zj/ (z)wbere/ (z) is a polynomial of 

I “ «-I fi-1 

degree (n— l) 

Dividing farther byz“l,x— 2 z— 3 We shall 

obtain the required result 

ytr) = ffo+ +rfaW v(*) + — 

n ft-l ei-Z 

Example Express y«2i^— z*+3r-l in fjcipriaf cotatioo 
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Oividiag by r 
y=>{2x*-x+3)W+l 

Dividing farthet by y*l+(2x+ l)+4* 

“l + (2* + i)W*+4M 
Dividing by ji«l+4t#l+5M*+2E’*P 

A/(*') = 4 + lOW+6W* 

A*/(jrH 10+12* 

aV{*) = 12 

A*/(a) = 0 

Prtof of Ntwion • /armu'a for equil incervala Lst 
be on* o? the ttbnt^ted vtla*s of the aTgam»nt of a polynomial 
■of degre*' n 

Tbe polynomial Aa+*«>) can bi written as /(« + 

04+ + 9i[tV +oi( *)’ + al*r 

DifTareQCiegi 

A/a + j!tt>)*'«j + 2o4*) + 3«jUJ*+4o4l*]*+ ,, 
A^Atf + *w)*2a* + 2 3 aiW + 4 5a5C*i* + 

A*/trt + *«')®'2 3a+4 3 2oiW + 

The value of (b° co efficients do oi, at 
■will be dstermiood by putting *»*0 in tbe above 
This oo^/ld) 

aj« A/lo) 


aVioJ 

«5* 3~ 

_ ^ Vlsl 

“* j ^ 

”T-_ 
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4 jv \ j_ A / 1 .»(*■— 1) , , ar(* — 1)(* — 2)- 

, /(rt + Tw)=/{a) AV(«J+ 3'-f 

fVlftJ+ 

This IS kco^sQ as Gregorj Nenton formula or simply 
ewtOD formula of interpolation which is used for mterpo- 
tin and can be represented geometrically as a straight 

< 

De or a curve 

' For exampl's m New on s fotniala see Chafer \n aci 
x*rcise XI 

Divided Differencet and Newton s formula for unequal 
itervals 

L«t <j, b, c, d be arguments at unequal intervals 
5dy(o) /(6)i/(e) « — the corre«pondint. lunctioits 

The divided dilTereace of the first order is defiaed by 

a — b b~a a — b 

The divided diflereoce of second ord°r is defined by 

M. M- /(*•> ^ 

(o - — c) **"(0 — <t){c — h) 
_/{ ab)-/(bc) 
a — c 

Aal ^ _/lb) 

(o — fc)((i — C/(o~d) (ft — aMi ~c)(6'"d) 

, Ac) y^) Aabc) —/[be d) 

”^(c — al(c — i)(c-"d)'*^(d“<r)(<i— 6) d — c) a — d 

Similarly the divided difTerences of higher order can be 
efined 

Newton s formula for unequal 
, Let/(x) be a function whose divided diffeiecccs of order 
lUr are zero or so small as to be neglected, such that the 
1^ order differences are couatant The table of divided 



y(6c)yt6crf)/(6cif«) 

4|/(ci) /{cd)Acrfe) 
e Ae) A<ie) 

The problem is lo fiud ihe vi\ue q( the function for 
•other argument ii> which may or may not be contained in v 
above arguments, 

Since tbe divided differences of third order are constant 
• yta6crf) “/(tiaic) 

U IS Vnown that 

*. afe)**^{a6c)+fi«-c)/(<it*cd) 

Also/ u /(o6>) 

f tti)«»/<«6) + H-6){/va6c)+(u-c)/(fl&cd)> 

*/(a 

+(m — a'(« -fr)/(rt6«)+(n— a)(u'~ &}(«*“ c)/vn6cci 
The formula holds m general when tbe differences i 
tn+1) the order are zero or negligible and is known as 
Newt jo’s formula for unequal intervals 

Cagratifie s formula of *n^er^ofafton v 

Let/{*')be polynomial of degree n which lor va3 
«c. di, - rt of y possess the valuss/(oo), /^<t 

Tespectiveiy 

Tbe divid'd differences of order » of a polynomial 
•coastant, since tbs divided differences of order n of each 
the terms whose degree 15 less than n is z*to The du ' 
‘diCferencss of otd*r (ii + 1) wi’l b* zero. 
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The divided differences of (n + l)tL order, by definition, 
s given b> fix, at, a\ at a») 

^ fix) __ 

(x — ao)^x~a\> — «») 

^ /Iffo) 

(<ro“**)(tTa — oj) (oo— ' 

iai~x) ai — ao) 

/(g ") _Q 

(«»— — iTo) . . (flu — 

Which gives on mnltiplication ihroogboDt by 
— <ToK>!“gl) (a-gn) 
and simp]ifyiDg 

f (»^gi)(a:-g2) ♦ U- g«) 

(gfl ■" gi)(go “ gi)— (ao—an) 

.. Jg -flolU -fltl i*Z£») //„,) 

^rtl**ffD)(gl“g^ (gj — <1») 

. (j ~flo)(g — giK x~a}) 


+ - 


/(go) 


(gj— go)(gj-gj> ^ * 

Which IS Lagrange s (orinhla of interpolation of for an* 
ual intervals 


I or illustration «ce chapter XII article 2. 

Central difference formulae of Interpolation 
In the central difference formu'a, the argument a is taken 
the centre or near about the centre of the arguments as 


Functions 
II- =/(o-2b>) 
w) 
(af 

u + w «i=/(g + to) 

o+2w «2 


i4rgumeRts 
« — 2u> 
a — u) 


A Notaiion * is used according to which t — aE 
s=SE^ Thua ^wo— A*w®’=t*«i 


-i 


or 



Cen ttal 


Tfae foHowcng are the well known formuia its 
differences, which will be proved 

Newton Giuss fortnvvla, known as Ganss formula 
Newton Sttrhogs formoK Bessel’® and Everett’® 
formulae Gauss forniola 

Let the fuaction f (a+xu>) have the arguments a — 3u>, 
a — 2iy, «-to, <5f + u>, a+2tt» In Newton's formula for 
unequal intervals, write 

M**rt+xa> , h=*a+w , c^o-w, <i*»<i + 2ui , e=»ti — 2u' 
and so lo 

/ (ct+*nu)=‘/(al+*w / (a, <i + ip)+*tD [a+xw-a-^w) 

J {a, a + w, fl-tu) + 


/{a, et+w, «-w)* 


S ' ^ 


f (a — v>) 


/(a, <r + w, o-tt, <r + 2w*)*^--^j (o“u) and eo oo 

Hence 

/ ta + xwl=/t<iHx^^ 

+k±Jljl->^"y aV(<»-w) 

u. (x-H) X (y— L (a -2) ^5 . 

>t- ^ ^ ^ ^ /{a — Zw) + which ts 

Gauss formula 

Nect/oM Stitiing’s formula 

In Gau®s fccniula, the terms may be airranged as 

/(a+xw)*/(a)+x [A/(o)--iA*/(cr-te)] 
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2 I ^ 

Replace the differences of ever order m square brackets 
by the differences of odd order using ihe relations, 

(<r — u;)“ £>/(a)— Ayfa— w) 

£i.*/(a — 2w) =“ A V (a — «>) - A — 2«<) 

Substituting we obtain Stirling s formula in the form 

4- *(**~1*) I AVfa -m)+ AV(q- 2w ) | 

+ a»/(a-2«.) + 

Newton Bessel s formula 
Gauss formula can bs written as 
/ o +*111) * i /in) + i / (rt) +x A/ (rt) 

+ (4AVb-«.)+}AMa-») 

Substituting the values of 1/ (a) i aV («-«*) J A* / 
(o — 2ki) from the relations A/(a)»/(B+w)— /(«) 

aV(«““’)®' aV(b)— aV(b— to) 

A^ (a — 2ai)= A*/ (a — H,)— ^^f{a~lv>) . .. 

In Gauss formula, written abo\<‘ the result is, 

/(«+*«>) = i{/(a + wJ — ^/(a)> + i/(«) 

+ieA/'a)+ 5 {AV(b)- aV(b-w3} 
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RearrsTgiag we obtain Bessel’s formula as 
/(ii+ra')= i{/(ii)+/va+w'> 

+-(ar“4)A fla)+ - 4< A*/ (<!''«')+ 

+ U-ilAV(«-<»)+ •• 

CaptaofEverett ’ s /ornil«. 

Ffom Gauss formula 

f{a + xu>) + * A f(o)+ U*) A V (« — w) 

+ (x+h) a.V'.‘*'"“’)+(*+l*}AV(rf“2u)) + »~ .. I 

BUmwkite ihe diBeretxces oi odd order, using 

+ a) 

aV{o-vj)« &*/(«*)- A*/(a-u.). 

We obtain 

/ff+aru>)«»/(n)+a{Aa+tt-)-'/W>+U2'AV{s~tt^ 
+(*+h)[A*/(a)- AV(a — u5j+(x+U' aV<®~2w) 
Applying the general result, -m + IC^oC + hC 

r r+J r 

+ {» + l3 A*/(a)-(xj)A*/(<j— w) 

+{a + Zi) A* / (n - w)— (*+ Is) A* / ^a - 2u>) + 
Traosfortning the Coefficients of /(a) by 1 - 1 - >) , tv 
pesuft can he written lo central difFereoce not rfioo as 

/(»+xu)=..- [7+-2L’!-» ,.+ 

+[.+ •■+ . ].. 

Which is Evcteu’s formata used (or lOterpoUtiog 
y(cf) and /(«+»). 


02 


EXERCISb XtV 

1 Fled the \fllueof A* « and ex C's } (i + 6w) ic 

{ erms of (<i) and ita differences 

Ans u- (3,1 u +3m -u 
X + i X + 2 AT+l AT 

2 Prove that the (m + I) th d ff» eoce of a poltnomial 
l{ «th degree vanish ReiAtes>nt tbe fund nn x*— i27x^+42t* 

30x + 9 ato factorial and «how thai ih‘ fourth difference 
s 24 

' (W A Altgarh I94S) 

3 Let fl b c ao^ dh* socce>3iveea ifs lo a djffereocfi 
ibis ciT^spanding to eqaidj'^ant ari^uTi-n^s sbo« tbr vbeo 
Jurth and higher differences are n*g e'^ted the entry co re' 
onding to the argument half way between tb* arguments of 

and,,,, + 

4 Given tog taD 24®«o 64858 log tao 24*20 
-?64S6?d log tao 2U0">^9 648923 l-'B fan 24*1 ' 

•9 64892 log tao 24*l'20''=9 64903 

Find the value of bg tan 24*5 Ant 9 64861 

5 Gnen log 604= 78103 Jog 6041- 7811 log 

042= 78118 log 6043= *8125 log 6 044= 78132 deter 
line tbs value of log 6 0104 Ans 78106 

6 Show that (l) /{abeti)^ 

(7 — d 

(2) The divided differences of order rt of x" and that of 
polynomial of nth degree are constant 

7 Establish Lagrange s formula with the help of 
Iternants 

8 Given x 5 II 27 34 42 

Ax) 23 899 17315 35606 68510 

Exptes«y(x) in terms of the powers of x — i 

iM A AUgarh 1943) 
Ans — 13+2tr— 3}+6(x — 3)*+(x— 3J* 
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9 Show tbat {l) Gtego v Newton s formuJa is a 
special case of Newton s fofmnla for unequal intervals 

(2) The differential operator D can b* connected wub the 
difference operator A 

10 Given ‘‘/l^QO^lU 803399 >/l2510 

«lll 84811 v/ 12^*111 892806 , n/ 12530 

«lll 937483 show that Vi2516 = 111 874929 ‘ 

{M A Pantab 1943) 

U Given Sec 3911 S*c 89®5'»62 5072 

Sec' 89V-b3 6646 Sec 89*7‘'«64 8557 show that | 
Sec 89®5'40"='63 274' 

(M A 1944] 

12 Showlbat/ln o+t*> u — w'** 

/ (a a + u rt~t4> a+2u))«r-7~j^* /lo~w) 

3 ! \tr 

i [a (j-w <i+w? a-2w)^ A*/ (fl-*2w) 

3 1 TO 

13 Deduce Giuss Bnck ward lormula from Newtoo s 
formula fer unequal intervals 1 1 

y (a - * «-) */ (a) ~ Af A/ (o — w) 

oV(«-<«) + 

H Show how Newton s (oToiala and btitliogs formula 
can be applied to find ib<» i'u s of the dvff*ren lal coefficients 
oi a gii en furetjon 

Iff Express the derivatives of j (x) in terms of the 
divided differences 

16 What l« tub abulattcn ? Detite the formulae for 
snbtabulation with the help of Gregors Newton formula 

17 Given the fotbwing values obtain the value of / (x) 
when # = 4'’ 
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;c 30 35 40 45 50 55 ' 60 

fix) 771 862 1001 1224 1572 2123 2-83 

{n. A. 1945) Ahs 1081 873. 
18. Find the form of the fanctlon given that/(0)*“8 
/{l)=ll /''4) = 68,/(5)=128 — (81. A 1945). 

Ans 5** — 9v* + 16x+32. 

19 Given, Sin 25* 40'’»4J31!. Sin 25“ 40' 20' 

= 43322. Sin 25® 40' 40”=^ 43336 Sin 25® 4l'= 43339, 
Sin 25® 41' 20" = '433t8, 6nd the value of Sm 25® 40' 30" by 
Stirling and Bessel formnlae Ans, 43326. 

20 Guen, Logarithms of 310=2 4914, 320 = 2 5051, 
330 =2 5185, 34Q = 2'5315, 350^=2544, 360 = 2‘5S63. apply 
auy cenrsl difference formula to And log 349 and log 3375. 

Ans 25428,3'5928 

21 Given the folfowiog values for y = loge''at * = 300, 
301,302, 303, 304. 305, 306, 307, 5*7037, 57071, 57104, 

5 7137, 5 7170, 5 7203, 5 7235. 5 7268, find tbe values of 
at *>500 and 302 4ns. '0033, 00331. 

Hint —Differentiate Newton's formula 

22 Given, Sm25®-4226.Sia25M'«*4229, 

Sin 25® 2'* 4231 Subtabulate for Sin 25® 20" and 40' 

Ans '42271, '42281, 

23 A root of *’+* = 3 lies between 1*2 and 13 Find 

by inverse interpolation its value upto four places of 
decimals 4ks. 1'2134. 

21. Show that if w =m +m + w 

* _*+P ar+ 1 *+(<”■!). 

* ( ( ■( 
then the individual value « may be found from the gronps 


of t individual values wo, Wi. s’*, Ibelr differences by 
the formula 



t 
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, +(3»H3»(l-Jl)+(l-3l+Zi’)J 3*'“,". 

neglecting hisher differences. (Forsyth) 

Hence or otherwise find the value oi the qu'intily for 
the middle year of the second quinquennium from 44133, 
41921,39387 Arts 8387 {nearly) 

Sol Pat x“7 and <«5 m the formula 

25 The population of a cauntrv for four consecutive 

age groaps are given b* 10 to 14 years (inclusive) 453572 , 
15 — 19 , 441424 20—24, 423123, 25—29, 402918 use 

formula lo Q 10 or (otberwiie) to find the populations of 
ages between 17 18 and 22 23 years Arts 88294, 84549 

26 Prove Eulet-Maclauiin formula and apply it to 

obtain StiThngs approximation to the fa'^tonal Explain 
Bernoulli's numbers (M A Punjab 1942 & 1943,) 

Obtain a formula for the sum of nth powers of the 
first k integers 

27 Sum the senes 

iZOi? (20^ ' " (296)* 

(Jf.A Ptir}ab,1942) 
Arts (rt) 000833 (b) 00452 

(c) Derne Lubbock and Gtegjty fotmulae for 
suminalion ( If A. 1944 ) 

28 Explain Che method of least squares and describe 
one of the fundamental methods of sob ing 'formal equations, 
showing the Mathematical process clearly 

(AIA Alt?arfi, 7942) 

29 Giien 4 91a— 59*= -339 8, 2 72 a:- 2 7j= -47 5, 

05t + 324y«2625, -2 91*+27 7y= 152 9, -477r+ iy 

“= — 27 9. Form normal equations and find x and y 

(M A. AlisnrJi 1941 ) 
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Ant Normal eguaitona are 62 73x — 382 7ii= —2096 3 
and~3S2 7X+5307 32877 7, x^7 and 

y“6 75 {See Chapter VIII, /or Normal equa 
lions eto ) 

30 ^pply Doo'lttles method to solve the normal 
iquations 

a:+3y-2j5 + OM-2t>= 5. 3*+4y>-5*+M-3v = 5 4 , 

— 2* — 531+3* — 2«+2t>= —5 , 31 — 2s+5f»43i>=*7 5 , 

-2*-3y+2*+3M+4v=3 3 

Ans 15,-1, 4,27 -140035 

31 State briefly the characteristic properties of Lexian 

md BernoulliaQ di:>tnbutioii3 Show that the Lexian van 
Qce exceeds the Bsraoulliaa one by an amount which increases 
Titb n, the number of trials (m A 1943 } 

32 Prove Euler- Maclautin formula 
a+rto 

fix) dx-h /ia)+f{a+xt>)+ 
a 


+ i fia+rw)- ^1/ (a+rw)-/' («)] + 


-orrectly to se^en place® of decimal® 

Ans 0487902 (.U 4 1943) 

33 Describe the importaot propet ties of normal dis 
tribution, and derive tbe equation of the normal frequency 
curve in the form 


2 »* 


State chaiacferistic i rcpert es of this curve 

^ ^(M A 1Q43 & 1945 ) 
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J4 Write a short note oa the peno<3o«;ram analj 
^od detwe the eqaatvoa of iha perjodogratn 

{M.,A, ms # 1943. 


55 Explain the ineanme of trigonometric icteipolation 
Dptprmioe the co-effici8Dt« rn ih« sum 

oo+fli cos x+Oj cos 2*+ +ff5 cos Sx+fle cos 6* 

4-6; sin *+ 6 jSin 2*+- • + 65 SV 0 5* 
which tafces the given values «o, respacJively 

X taVfis tbc values 


f, JL llT , 

6 ’ 6 ’ 6 6 

rosoectnely. This is fourier analysis, « being 12. 

(M,/i 1943 & 1945 

Tbe co’efficieats ate given bv 

-E « <1j*s- E MCOS-^. 

p»0 p « /»»0 p tj 

Jts: 


6*» — S u Sin 

r ^ p»0 p 
n 1 


E w cos ~ 

0 p 

7/>rTi_ 


Thns far 
v'j 


Instead of — in 

IZ, i<o+iii 

•/3 


-+M, i-U 


\f3 


2 ui-us-Uf ws i+J»»+ 2 mu etc. ^ i 

WtW tbe cO'cE&cients can be worked out for « *‘4 and 
55 Write short notes on 


Bivariate cornial frequency surface, mail 
ecpectatlao ; Tests of sigoificaace, multiple cotreL 
Correlatioa Ratio, Kegressioa , Dispersion. 

(flj A 1945 & 19<^^i 



CHAPTER XV! 

INDIAN STATISTICS 

(A) A brief summary of Bowley*Robertson inquiry 
with recard *o 

(1) Orgaaisahon of Statistics m India 

(2) Measurement o* National income 
I (3) Census of Production 

(B) List of statistical publications in India nviII be dealt 
with in this Chapter 

(A) Bowley-Robert^on report, eniitled ‘A scheme for 
an Economic Census of India’ .934) dsa!s wi(h the funda 
mental points mentioned above / 

We shall take up briefly the recommendations of the Bow* 
ley Robertsoa Committee one by one 

1 — Organisatton of Statistics — v permanent economic 
staff can«istiQg of fiur members, one being the Director of 
Statistics should be established directly attached ^to the 
Lcocomic Cummictee of the Governor General’s Executive 
Council, for the organisation of she whole work of economic 
intelligence 

The duties of the Director of Statistics should include fi) 
conduct of the census of population (ti) Cen^ucc of the census 
production, (iil Co ordination of the central and proviocial 
statistics The census of production should be quinquennial 
(aftrr 5 years) and while the mam census of population conti- 
nues to I'e decennial a •’Upnlementary census mainly devoted 
to numbers, age sex, and occnpation of people should be 
taken m the middle of the decennium 

There should be in each major province a whole time 
statistician, as nearly independent of departmental control 
as administrative requirements permit but making his services 
avaible to all departments The Director of Statistics should 
as far as po'Sible, have contact with the Statistics of the pro- 
vinces to promo.e uniformity m the provincial statistics 
andt thus facilitating their assembly into alblndia totals 

r» .V.9V he pointed out that following the Coommittee’s 
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major departments of tbe central and provincial Governments 

11 — Measurement of T^olionol Income — Tbe atl hots 
remark that the materials for estimating the national income 
m India are very defective and thus they made several 
practical propo'als for the measurement of the total national 
income in India 

‘ The national income a'-cordiug to the Committee is 
the money measure of the aggregate of goods and services 
accruing to tbe mhahttauis <f a country during a year,! 
including n«t iflcremeats to or •‘xcladiog net decrements^ 
from tbcir individual or collective 'tuealtb I 

Two methods of calculation of the national income have 
been pointed, ^rst is an evaluation of goods and services 
accruing and second is a «ammaiioa of individual incomes 

The firet method is tbe ‘census of production, method 
and the second is tbe ‘ ceQ«us of lo ome ’ method 

Both tbe methods may be employed for tbe purpose, but 
special caution in combining tbe results of the two may be 
necessary especially lo tbe case of India 

Th* census'of'productioo method involves, 

1 Evaluating the net output of agriculture, mtnmg, 
industry and other productive enterprises at the point of 
production Double counting le g counting both the out put 
of wheat and the labour of tbe cattle employed in raising it) 
should be avoided 

All that pari of tbe product ol agriculture etc , which is 
consumed by the producer or bartered locally tor the services 
of workers, should be valued, Ibe price prevailing at the point 
of production to be counted 

2 Adding the valse which the transporting and 
merchantiDg agencies impart to home produced goods and 
to imports 

I Adding excise duties on home produced goods and 
cosfooi duties on imports, in order to secure the aggregate of 
exchange values to the consumer, 

4. Adding tbe value of imports including gold and 
silver 
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5 Deducting the vaiae of exports including gold and 
silver 

6 Adding the value of personal services of all kinds 

7 Adding the annual rental valne of houses, whether 

rented or occupied by the owners \ 

fi Adding the iD<.rements or deducting the decrements 
of bank balances and securities anroad wh-ther, by indivi- 
duals or by goi, ernments , similarly, deducting the increments 
or adding the decrements la the holdings of balances and 
securities in the country by residents abroad. 

0 Dedtcting the lalue of goods, whether home produ- 
ced or imported, which are used for the purpose of keeping 
intact the fixed Capital, raw metenals or finished commodi- 
ties ^ 

The method of census of production (or products) d*s 
cribed above is more fundamsntal of tbs two methods of 
eaaluting the national income 

Certain precautions wouln have to be obserted sp that 
the result o! the censu* of-income method may tally w\th 
those of the fi'St 

The secoad method consists of the summation of indivi 
dual income. 

• Bowley Robbertson make a distinction of rural income 
land urban income for India 

For rural income they recommeod an estimate of tbe 
quantity and valne of all goods and services which arise 
from tbe land or rendered in tbe villages oy tbe method 
of intensive surveys m selected ^illag^s 

For urboB income, they recommend surveys o/ iff* larger 
lowrt based on a sample inquiry o ftbe personnel and occnpa 
tioos of families, and an estimate of their incomes by perso- 
nal statements and by investigsrion of wages and salaries 
prevailing in the towns. For incomes over at least Rs. 2,000, 
income tax statistics can be of valaable help They have 
recommended an intermediate urban population census. 

These three inquiries woald be supplemented by a census 
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■of production applied to factories asing power, mines and 
■some other industries 

All the investigations should be extended to the Indian 
States so far as they are willing aod able to coeperate For 
areas not so covered, estimates will be necessary by the use 
of agricultural statistics 

Rural sample Surveys — The statistical method for 
selecting the Milages for intensive survey IS that of random 
sampling whi b mai be applied as —Prepare a complete list 
of all the villages in a province, arrange them m geogra- 
phical order of districts (or to an order that corresponds to j 
various types of cultivation), decide oo the number ol tillages 
to be investigated, and Boally, starting from a random 
number, mark the requirsd number of vill^es all nearly 
equally 'paced For example, m a province having 110 ODO 
villages, u IS decided to investigate 300, villages 

The brst mark may be placed on any arbitrary number, 
say 5th Milage, on the Ust, the n*xt mark will ba os 

( vtllae* and so on 

Thus every unit ID the list shall have a chxnce of being 
included for inquiry 

When the villages have thus been «elected, no other 
«hoald be substituted 

The report gives the following table which indicates the 
proposed minimum number of villages for investigation in 


each province 

Pcovirce 

Number of \illages 

Number in 

Bengal 

86,000 

bample 

250 

Bihar and Orissa 

83.000 

300 

Sombajr ^ 

21,000 

200 

Certal Piomsc^s 

40,000 

200 

Madras 

51 000 

200 

Punjab 

35,000 

200 

U. F 

106,000 

(Y)' 
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To make tbe total for British India some estimates 
should be made for Assam, N W F Province, tea plantations, 
of Bengal, areas of Bengal where coal mining is important 
and the areas effected by earthquake and not fully resettled 
till tbe period of inquiry 

For conducting the investigations and sample surveys, 
trained investigators and qualified statisticians “bould be 
appointed in order to obtain latisfactory hnd reliable results 

Tbe investigator should live in the village fora year or 
so 

The work of the investigators may be euppervised by 
senior investigators 

T'he entire ■survey should be under the control of the 

Director of Statistics at the the centre, through tbe Provin- 
cial statistician 

The Qece«saiy schedules and Ouestionnaires should 
be carefully and briefly drawn considering tbe Iccal circum 
Btancee, and they must have local terms of measures weligbts 
etc 

Although tbe main inquiry is to be directed to income, 
production, consumption and allied topics, tbe investigator 
may collect information regarding health, co operation debt 
etc of the people of tbe village concerned 

Urban Surveys— For urban income, as mentioned 
before, surveys of the larger towus have bem recommended 
Random sampling is not recomended 

As most of the larger towns crcite= have Univereity 
Centre or Colleges, so surveys of such towns should first be 
conducted Later on, on similar lines, other towns are to 
he investigated 

For the organisation of University city surveys, a central 
committee should be appointed to draw up an outline 
schedule of enquiry, to advise and pre’^ent a report on tbe 
■whole subiect at the end In every University and College 
there will be the Economics Department to help m the 
conduct of the ecoacmic investigation'- of the towns The 
staff and the students, backed by official and monetary help 
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■can easily undertake the work of inqmty The post graduate 
students having knowledge of or qualification %» siahshcs 
would prove of good help 

In this way the students will also have practical training 
The Education Departmeot of the Provinc- will also be of 
great assistance in this matter 

When intensive surveys of University and College towns 
are completed surveys of oth^r towns ate to be undertaken 
and some of the mare efficient investigators in the University 
■city surveys be appointed for carrying on the work 

A.n occujiahonal ceusus is almost essentsil For Ibis 1 
census enquiries should b*^ made about currant rates of 
earmags and wages estimated over th* years aui allowing 
for sessoual fiuctuatiois 

Eg h industry and occupation of any importance must 
be included and workers lo mdustcies clerks municipal and 
tailway “mployees tonga drivers and all others working 
for salaries or wages or making petty profile should be 
given th» r du* importance The method of payment may 
gf«o he recorded 

An accurate list of bouses or tenements should be 
prepared Big tawa« containing say nearly t SO 000 bouses 
sbonld be subdivided into five units, each having nearly 
30 000 houses About I 000 bou«es selected in each unit at 
random should be visited by th* investigator and no bouse 
ns to be subslitnied 

The visitor should have friendly relations with the 
-residents in order to obtain reliable information about 
nomb»rs sex age and occnpatioo of tb» family groupt 
Schedules au I Qjestionoaires «hoaid be filled in immediately 
after and not dur ng the visit Repeated visits may be escentul 
to collect correct data 

The totals should in case of doubt be giv«n \atying 
withm a certain range and oat as an exact number 

All existing data relating to the subject of the suriey 
should be carefully studied and persons official and non 
-official interest»d in or concerned with the collection of data 
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should be cousulced with a view to have a reliable and 
cervicecaWe data 

III — Census of Praduction — The ceneus of production, 
would be imposed by special Act of the Legislative 
Assembly at the Centre, making the communications of 
facts demanded compulsory "^6® census would be conducted 
by the Director of Statistic with the co-operation of the 
Depaitments of Industries and > »baur. 

Industries employing 20 or more persons and u^ing 
mechanical power, some sm U workshops, and also some 
large non mechanical establisnmeals such as brick-making 
and carpet making industries should be investigated. 
Railways and all establishments under tbe mines Act should 
also be dealt with. 

Since tbe progress of factory industry to a certain 
extent, at tbe cost cf cottage indostry, st will be of great 
value if tbe two are brought lo statistical relation with 
each ether, and if, some annual data about them could be 
obtained, it will show ibeir relative increase or decrease 

For tbe purpose of tbe ceo*a«, it is essential that tbe 
questionnaires be <in]ple and adapted to In'^tan environments 
The essential facts to be elicited are aggregate •'aloe of 
tbe sales and the aggregate cost cf maienats for each 
factory Tbe differance will approximately indicate the 
national in come accoruing lo tbe factory and when all the 
factories are taken into acconot tbe aggregate di^erences 
minus depreciation of plant and change in the value of 
materials and fini>’hed goods will measure the contribution 
to tbe national income of the mdu'^try 

Details can alsi be obtained of tbe amounts and values 
ol different commodities produced, and of material purchased 
and power used 

The classification of the prcdnc >>bouId be [he same as 
that of exports and imports Tbe employees snould be 
classed as salaried persons and wage earn-rs, young and 
: adult with an exact statement of tbe age-division between 
males and females ^ 

I To get an average for the year and also as an 
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JodicatioP of seasonal variations, it is best to obtain tbe 
details of tbe emplovees for one we-k lo each mortb of ff 
year. 

Tbe investigators will face opposition and difficu 
but with periodic repetition of the censiis, 'they 
automatically disappear 

B. — List of important statistical publications in India 

1 t-ubiications of tne Department of Commetcia 
Intellipecce and Statistico. Government of India. 

1. Slatialicat Abstract for British India (annual) 

2 Agricultural Statistics of India — 

Vol I — Bntisb India (annual) 

Vol n— Indian States (ananaO > 

3 Statistical Tab'es reiattog to Banks m India (aas >1 

4 Stsiisttcal Tables relanoft to the Co opeiativ 
Movement in India (annual) 

5 Large Industrial Establishments in India 

6. Review of the Trade o( India (annual) 

7 Indian Trade Journal (weekly) 

8 L' ve*Stock Statistics India (quinquinoial)" 

9 Monthly statistics of cotton spinning and wea\ 

]Q Indian Mills 

10 Monthly Statistics of tbe production of cet* 

• selected Industries of India 

11. Accounts relatme to the Sea-batpe Trade 
Kavtgation of Biidsh India (monthly) 

12. Accounts relating to the Inland ’’Rail and Ri 
borne) Trade of India (•r'ontfaly) 

13 Monthly «ucemeoc of whDle«;ale prices cf Ci.. 
selected articles at various centres in India. 

U. Accbunts relating lo the Sea-borne Trade 
Nat tgatioo of Bntirh India (annual) 

15 Estimates of area and yield of principal crops 
India (annual}. 
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16 Indian tea coal robber and coffee Statistics 
pabli'hed separately} (annual) 

17 Joint Stock Companies in British India and m 
ome Indian States (annua]) 

IS Crop forecastes of Rice Wheat Cotton, Linsead, 
vsesamum Groundnut Sugarcane Castorseed (t*enodlca!ly 
Iso published in the Indian Trade Journal) 

19 Quinquennial Report on the average yield per 
ere of Principal crops in India 

20 Crop Allas of India 

11 — Other Government (Official^ Publications 

I Gazette of India (weekly; 

^ 2 Gazettes of Provinces (also of States weekly) 

3 Labour Gazette Bombay (monthly) 
e 4 Central aod Provincial Government 5 budgets (annual) 

5 Administration Report of Provincial GiivernmeDts 
ttinsual) 

£ 6 \dmintstratioa report of Railways ID *ndia (annual ) 

Q 7 Censu Reports (for India Provinces and Slates) 
l^'ecenaial 

8 Report of the Controller of Currency (annual) 

C( 9 Monthly survey of business conditions in India 
pt 10 Guide to curlent official statistics 

II WorLing clas® Family Budgets 
m 12 India Labour Gazette Monthly 

to 13 Statistics of Factories issued by the Labour Deptt 
taoverDme'*t of India 

14 Ivui rilion (Fcod Department ; 
s* 15 Publication of Imperial Council of Agricultural 
®*e'ie4tch 

av — ;^Qi] official publications and Research Joiimats 

1 Sankhya Journal of the Indian Statistical Institute, 
^jjilcutta 
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2 Journal of the Indian Mathsmatical Society, Madras. 

3 Proceedings of the All India Science Congtes', 

Statistics Section ^ 

4 Monthly survey of econonuc conditions m the Puisiab 
and other publications of lbs Board of Economic inquiry, 
Punjab, Lahore 

5. Capital (Calcutta) Weekly 

6 Commerce Bombay Weekly 

7 Indian Journal of Econo"*ics, Allahabad 

8 Indian ^ ear Book 

9 Wealth of lodia. by Wadia and Josh? 

10 Wealth and Taxable Capacity by Shah and 
Khambata. 

11. The Indian Fiaaoce, Calcutta (Weekly) 

12 India 3 National Income by V K R V Kao 

13 Ittdustralisatioo of the Punjab by Sbab 

14 Eastern Economist (Weekly) New Delhi 

15 Proceedings of the National Academy of Science, 
Allahabad 

16. Journal of the Indian Merchant s Chamber of India, 

17 Publications of the Resene Bank 

IS A Plan far Economic Development for India by 
"Sir P Thakar Das and others 1944 

IV — Reports of Comniittoes and CoromiS'ions 

1 Report of the Economic Enquiry Committee 
(1525) 

2 Report of the Royal Commission on Indian Agri- 
CUltUTQ 

3 Report of the Taxation Inquiry Committee 

-4, Industrial Cornoiissioa Report 

5 Report of the Royal Commission on Indian Labour. 

6. Banking Inquiry Commutes Reports {Central and 
Provincial) 
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7 Reports of fhe Committe® and Commissions on. 
adian Currency and Exchange 

8 Industrial survevs tn various districts of U P 

9 Labour unemployment and Texti c Enquiry Commit 
ee Reports (Provincial) 

10 Tariff Board Reports. 

U Report of Bowley Robertson Committfe 
12 Food grains Policy Committee Report {1943^ 

APPENDIX 

I-QUESTIONNAIRE FORM 

BOARD OF ECONOMIC INQUIRY PUNJAB 
LAHORE 

Socio Economic Survey o/ Greater Lahore 
Housing Conditions 

1 Ward and Locality 

2 Moballa Road Street 

3 Lane (if any ~ Width of tbe lane o street 

4 Houae No 5 Name of owner 

6 [a) Owner s rehcion and nationality Hindu Muslim, 

Sikh Ind an Christian Parses Anglo Ind an. 
European others (specify) 

(6) Owner s domicile (Province or State) 

7 Owner s Occupation 

8 Kind of dwelling I Bucgasow house hut 

9 Nature of dwelJing Pacca, kachha temporary 
structure 

10 Year m which bmJt 

11 Number of Storeys (excluding underground ac omoda*^ 
tion) one two three four five ^ 

12 Total height of bmlding m feet from ground level 
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13 Number of undargroiini rooms (if any) 

How are tbe^e rooms »sed ’ — •*• 

14, Xola» area of land fjo marlas or ‘square feet) - 
Area of tbe oren “pace or courtyard (if any) 

How IS tbe open space or courtyard used’ 

15 Total cubvc space (in cubic feet) of tfae coveted hvtne 

TQOras on 

Greund -ftoof 

1st fleet “ — 

2nd floor ltd floor - 

4tb floor 5th flo t Grand total 

16 Total number of tamibes living 

(fl) owners (6) tenants Total 

17 Total number ot occupants (exclude visitors 

servants U\ing outside tbe buildingl 

(tf) males (6) fomales Tefal 

18 Cubic space pet person 

19 Is there any Electric power connection’ Ye no 
2v Source of water supply Inside the house outside tc 

If aside, whether Musicipal tap, private tubewe 
hand pump open well 

If hand pump or open well, quality of water Sv.ee 
Saltish 

21 Total number of latrines 

No of latrines located on ground floor 

first floor 2nd floor top floor 

Nature of floor of the latrines How many ’ '' 
pacca f broVen 
How often cleaned daily I Once, twice 
How many ba\e flush system J 
How many are combined with bath room ? 

22. Dtatnage outside tbe bonse pacca, bachba. 

\re the driios came^ted with th“ train eu. 
drains ? Ye«, no 
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Are there any water troughs [houdt)'> Yes no 
[f so whether kacbha pacca 
Who cleans them ? Sweeper corporation lorry, 
not cleaned 

Specify if ani stagnant water collects anywhere 

23 Other nuisances Rats bogs bad smell 

24 How many times a year is the house whitewashed’ , 

25 Is anv shop attached with the house ? Yes no 

If so nature of the business carried on — 

Cubic space occupied by the <hop — ^ 

Is the house owner himself the business man ? 
'\ag no 

If not rent paid by the shopkeeper ^ - 
2S General condition of the house « m 

For each Family 

juse No ^ Family No — 

1 Family Owner, Tenant 

2 (a] Religion and nationality Hindu Muslim Sikh, 

Christian Parsee Indian Christian Anglo Indian, 
European Others ^specify) 

(6) Domicile (Provinpe or State) 

3 Since when living there- — 

4 Occupatian of Earners and distance of places of their 
work from the bouse — 

(«) 

( 6 ) 

(c) 
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f rNiumbers actuary Uviug (exclude servant® Jivh 
outside) — 

Al 0 le FemoZes Total 

Adults 

Children (5 15 years) ~ 

Babies (below 5 years — — * 

Grand total 

AlaZes Females Total 

6 Literates (Abo\e 5 years) 

7 Married ^ 

Widowed 

Uninarried 

8 ^^o ol Uviag rooms — 

(ff) how many are completely dark ? 

(6) bow many are well veoiilated ? 

(^tb oi the basea'ea ol tbe room opening into 
external air) 

9 No of separate kitchens Nil one two 

Kitcbeos having chimDeya Nil one two 

Bath rooms Nil one, two 

Godowns - *- - Nil one, two 

Garage^., Nil one two 

Latrines Nil one, two 

10 If no drinking water ariangeinent inside the bouse 

state distance of the source of supply of water in 
yards 

U Lighting arrangement Electricity hero'ene v 
rapeseed oil 

12 Fuel nsed firewood, charcoal, ®o!t coke, duc^ « 

saw duct electricity 

13 \\ here doe* tbe ftroily «lcep in suit 


mer J top fl 



inside the toom, \eiaQdah, outside tbs house, open 
space 

H No of separate servants' quatters (if any) — 
Total cubic space (in cubic feet) — ^ 

No of D^rsons lioog . — 

15 No of domest c animals, if any, C01V5, •. . „ 

buffaloes goats . sheep — 

hordes dogu — . poultry - — 

16 Is there any separate 'accommodation (or domestic 

animals > ..Yes, no. 

17 Approximate monthly income of the family . - 

18 If tenant monthly rent paid — 

Filled in by . 

Date ... . ...... 

U -INTERPRETATION OF DATA 

statistical methods are liable to misuse either deliberately 
-or unintentionally. 

When the metboJa are not correctly applied statistics are 
not to be b'amed for their unreliable cbaracters, or for wrong 
Interpretation, but the persons who are handling them without 
having good knowledge of the science Of statistics Only quail* 
bed persons in statistics should take up the analysis and 
bterpretation of the statistical data Interpretation means 
drawing inferences from an analytical study of the collected 
data 

1 Id any icductne reasoning statistical methods play a 
prominent part Before giving any judgtnenl and in drawing 
conclusions and inferences care must be taken to see that 
the data are sufftcieot, homogeneoas and comparab’e, and the 
effects of all tbs o'het disturbing factors have been fully taken 
into account. 

I Statistical data are often interpreted wrongly due to false 
geoeTahsUtort For example, statistics with regard to the 
tucrease iQ quantity and \alue of imported goods are quoted' 
tojustilj the conctnsiOD that people are in a prosperous 



223 


This conclasion wQ’ild be \alid only when the coosump* 
tion of indigeneous goods is not decreasing to a greater extent. 
Increase m the consumption of articles of luxuri would show 
general prosperity only when majority of the people get i 
'benefit. \ 

Soroeumes JDjsJakees are mads in wrosgiy interp/etjog 
aieragef, index Dambers, coefficient of correlation and 
co-efficient of association 

In short, statistics should be carefully collected > 
unbiassed citore, etatisticai methods should be skilfully ’ 
{oteUigentty applied, by tatisticiaas, and tested according lu 
-various tests of sigoificance, in order to have reliable analys 
and interptelatiDu of data 

m -MATHEMATICAL PROOFS OF THEOREMS 
ON PROBABILITY AND MOMENTS 
In chapter XI the statemeols of tbe Addition and < . 
pli'catioQ tbeorecne of Probability were given Here we s 
give simple proofs for them 

Let tbs main event C, fall m n groups of subsi' 
events of which only one can happen in a single trial but c 
which any cne will bring the event C Let i denote the I •> 
number of equally likely cases Of the possible cases ' 
/be lo favour of tbe Bvenf Tbe favourable group of Ccw 
may be divided into « subgroups of which /i are favourabl 
for Che happening of the subsidiary event Ei, /.. in favour t 
Er, fn in favour of E» Therefore the probability f> ' 
»he whole event E 

- X_ /«+/2+/3+r:ii 

t i t t 

which proves the Additfon Theorem. 

UlnKi^IicotiOn Thforeiw.—Let the number of pos^ffii 
cases, (or the whole event E be*, for Ej be fj,— ~.for E« be 

Each of tbe /i possible cases corrcspondiDs to (be t 

El may occur sImaUsneousIy wtth each ot the fj 
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I corresponding to the event Ea Thus there will be altogether 
cases falling on the events Ej and Ej at the same time 
Continuing the reasoning, the total number of equally 
likelj cases resulting from the sjmoltaneous occurrence of the 
events Ej, Ea will be h x/^x/jX — x 

If /denote the favourable cases for the whole event 
/» the favourable cases lor Ei, Ej, then 
following the above reasoning the probability for the whole 


event E is ^ = 


/iX/zX/^X A 

flXtjXtjX- In 


'1 u *> 


~ x^, 

which proves the theorem 

The theorem holds for dependent as well as Independent 


To determine tfje mean axd vartanee/or ths binomial 

From the expansion of (9+^)* the frequencies correspond'- 
ng to the cumber of successes 0. 1 . 2 . . . n 

.re the terms, g", 9 *~*P*^’ 

Taking O as the Ptovismal mean for the senes 0, 1, 2, of 
accesses, the deviations (D) well be D*=0. 1 tt 


and/'^g’*, — 


D = nq"“*ii+n(n— liq"”y+ —nf". 


= «/|[9""'+(o — 1) — i"“’3 


— since 9+^= I. 

- 

The Arithmetic mean — 0+ 


» - " — np since snm of frequencies is (g+ii)"*®!* 


To bud the standard deviation and variance 



let us find the value of — 

2/ D*«0 + « nV 

t « 1 . ys( n'2i_l 3lft— lK«""2) n-3.« 

q" '+ 2 {n-l)« *^+ 2 ** ^ 

+ 

+tn'-Vl 

« «Kl + U "■ l)<>f «+<>)" “*J , 

Variance is given by the formula 

syo* / S / D V 
2/ “V 2/ ) 

“ nf>+ f»y — “ (m^ )* 

and o=o^fi^g 

JlIom«n(s In chapter X> the moments about the mean 
ire given m terms ol the moments about any arbitrary origin 
Here we shall establish these relations 

If A denote the provisioiial mean, the moments about 
any mean are defined by 

y-^E(*-A)--J ED' 

If M denote the arithmetic mean, the moments about the 
, - ' EU-M)'- ~EJ'. 

n 


Mean are giien by 


226 

Vi*= ^2 / D where « stands for the sum of the fM* 
quencies *=> 2/ 

It IS known that 
Anth. Mean = A+ ^ 

/. Vi=M-A. 

= “|2y * — wSfj *0, since 

K 

Let us establish tn general !>>*$ lo terms of V 

D-.*-A-(*-M)+(\t-Al 

“d+Vj. 

- jB/CD'-rD’-'Vi+JfcliLD'-iv,' 

_-dtZjfc:?iD-'v,H .(-ll'Vi'j 
--7-B/D'- r. V . -j 

V'lE/D'-' + l-U' V' 1 

-V-r ^V,;+;-ll' V,'. 

patting r=l. 2, 3» 4 ..we eipress the mcmenta about the 
mean (n terms of the moraents about the Provincial 
Meaa> 

IV.— Piui)tl> University Questioii*Papeis fci Sta 
in 1946 Examination. (Attaohed), 
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CERTlPICfvTE 115 STATISTICS (C St.) EXAM 1916 

P\f-E«t I AND M A. ECONOMICS-P^T-ER V (b) 

QPTIOM («») 

STATISTICS 
Time allowed Tbtee hours 
Maximum Mirks , 100 

Oaly five qa-auoo» are lo bs attemp'ed atloast two of 
which must be Crotn each o( Sections A and B 

A\l questiQQs carrp equal mirks 
Sbctioh a 

1 Suggest a olao lor sociil economic survey o{ Lahore* 
Give details 

2. Write aa essay oo the aualysts of titne seites. 

i. Tou ate ashed to comoile a wothiag class cost o! 
living Index for Lahore Suggest a plan Give details 

4 How Is a pSDuUtioa census otgaoised in India? 
State the msthods of ohtataiQg iater>cea»ii year estimates of 
the population 

5 Write notes ou the statuticil concept of — 
la) Frequency distribution. 

{6) Standard Deviattoo. 

Ic) CorreUtion 

Section B 

6 Thi foliowia* table show, the age distrihuano of 
mwned feuiles acco-iias to sample caosu, of 1941 la the 
Biroda State — 



Age 

0 and above 
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No of ni'trried fetnalti 


5 .. .. 

31 

10 , .. 

410 

15 . . 

1809 

20 

2446 

25 , 

2223 

30 .. 

1723 

35 , 

1292 

+0 .. 

963 

45 . 

762 

50 . „ 

531 

55 .. 

317 

60 , 

156 

65 , 

59 

70 „ 

37 

All ages 

12762 


Draw a ^rapb showing Ue nomber of maiTied females 
'youDget than any given age Hence or otherwise calculate ^ 
tbe median age of maitied females and also the two quartiles>,. 
upper and lower 

ilfis 28 783, 2t'9l6, 38585 


7, Fit a straight line to tbe followiiig data showicg the 
yield of wheat in bushels per acre iiom tbe same plot during 
20 years 


1855 

1856 

1857 

1 858 

1859 

1860 

1861 

29.62 

32 38 

43 75 

37 56 

30 00 

32 62 

33 75 

1862 

1863 

1864 

1865 

1866 

1867 

186S 

43 44 

55 56 

51 06 

44 06 

32 50 

29 13 

47 81 

1869 

1870 

1871 

1872 

1873 

1874 


39 00 

45,50 

34 41 

40 69 

35 81 

38 19 



4hs 36 37S+ 235x [185 4 
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8 The correlatiOQ Tabie given bilow shows for each 
of 78 towns (1) measures of the amount of over crowding 
present >n a given year and (2) the infant mortality rate m 
the same year Calculate the co efficient of correlation 
between over crowding and infant moitatity rate 

Infant Percentage of iotulaiton in private famxUes 
lottabty living more than two persons Total 

Rate per room 


1 5-‘5~75-105’-13 5-16.5 -*19 5 


36 — 5 

46 9 1 

56 10 4 I 

66- 4 7 5 

76 2 5 4 

86 2 2 

95 - 1 2 

106-116 I - 



5 

10 

16 

18 

13 

7 

7 

2 


lotal 30 21 14 8 


78 


Ans '6S{apfrox). 
9 U«e the method of interpolation to {obtain the value 
of y for x^? 5 from the following data 

*456789 10 

y 941 943 987 1004 106S 1156 1283 


An*. lOSms. 
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W A (MATHEMATIC‘S,— P/PERS 1\ , \ , M (Cption F) 

statistics 

Time ftilowed Three hours 
Llaximam Marks 100 

N.B — Not mote than »iir« qoestiCDS *hculd be attempted 
All questions carry equal maiks, atd six catiy full maiks. 
Greater credit mil be gi\eD to cctsplete que^tieus ccnectly 
ausweted than to a {troportionate number of fragmentary 
answers 


1 AssumtBB the Gregory Newton Formula cf Interpola 
tion, obtain tbe exptest»cc» fcr tic first two differential 
co-efficients of the funclttn /(») ftt the value ‘o’ of its 
aiguraeoti IB terms of the differences. 

Given the following data, compute Ike first two oiffeies- 
tial coefficients of the (unction ' y' ccrieipcndirg to the 
•argument **11 


X 

2 

5 

9 

13 

15 


y 

1.08,243 
— 1,21,551 
1,41,158 
^ 1.63,047 
1,74,901 


2 Obtain the expre®Mon for the Eulei Maclauiur 
Formula for the sommatlon of senes 

Apply the formula to som tfae following «enes to itfinfty 
^ , 1 - . -1- 4._l_4. 

101* ^ 103* ^ 105* ^ 107* 

1 Tmlfttn the method cf (onning the Normal Eqoaticns 
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for a set of varwbles m which the Dun>ber of equations given 
IS greatet than the number of unknowns 

Discuss the method of solving these equations by the 
method of determinants. 

4 Define ‘ probabihty ' and explain the term';, ‘ MutnalJy 
Exclusive and ‘ Mutually Independent ’ as applied ta events. 

Given n independent events with respective prpbafaibtie 
of Qccuttencft ii, , ptove Uiat one of the probability 

of at least one of the events happening is 

£i»j *" £^1^2+ SjhiJ’al’j'" '*• 

This sides of a rectantle are chosen at random, each 
being less than a given length 'a .all such lengths being 
_ equally likely Find the chance that the diagonal is less 
tban * a 

5 The following table gives the Tneotbly average pro 
dnction of boots and shots in U S A. Pit a curve of the 
the form o4'i>;* + c*^ to Ibis data 


Years j 

.1923 1924'l925jl926jl927|1928j 

jig29 193oil93U93Aat 

Average ! 
production^ 
On mil- 
lions) .. j 

^ 1 
1 I > 1 

[29 3 >26 1 12? 0 27 i 26 6 29 2 1 

30 1 25 4 i26'4 I 26 1 *29 < 


6 Assuming (he conditions of simple Sampling, how do 
you test the sigoificance of the difference betw*en the 
* values of Arithmetic Mean ' and * Standard Deviation ’ 
obtained from a sample with those of the total population. 
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In 'tudyiag the problem of density of population per 
house, from a population of 1,00,000 houses, a random sample 
of 1,000 was selected and the following results were obtained 


Number oe person^ per house 



' 1 

9 ' 
2 1 

t ’ 

4 


6 1 

1 7 

i ^ 

1 ^ 

10 

.^hoiepooula'ionl 

100 

56 


1 243 

199 

1 

124j 

75 ' 

4f 

1 

22 1 

1 

1 11 

1 1 

6 

ample 1 

54 

225 

237| 

193 

1 

121 

79 1 


27j 

' 1 

8 


Comput* the valuee of Arithmetic Mean, and Standar'^ 
Deviation of the number of persons per bouse, both for the 
whole population as veil as for the sample Are the values 
of Estimates of these two from the sample, significantly 
di^erent from those of the population ? 

7 The number of males in each of 106 eight pig litters 
was found and they are given by the following frequency 
distribution — ' 


umber of males. i 

per litter — 1 0 j 

' 1 i 

1 1 Z 1 3 j 



! 

6 , 

k! 

i ^ 

i Total 

requeney 1 0 | 

5 9 i 22 i 

1 1 ' 

25 1 

! 

! 1+ , 

1 ' 

1 4 

1 

1 1 

j 106 


Assuming that the probabilm cf an animal b^ing male 
or female IS ei en lie P*=9~i}, and the frequency distribution 
foMows the Binomial law, calculate the expect'd frequencies 
of the nine classes Find also the values of to test the 
goodness of fit 
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8. If xi 13 the depsadeat variable, and xi and X 3 
the two independent variables, obtain the regression ecti’"* 
of *1 in terms of and *3. 

Give tbe following values of Arithmetic Mean, "" 
Deviation and Co-efEiciant o! Correlation of 740 «ets of values 
find the regression equation of lo terms of Xi sad xs 


*i«28 02 

o, = 4‘42 

ru^O-80 

x^~A'9l 

»**l 10 

ru^~D'40 

Xi-59^ 

85 

rji’= —0 56 


9. * and y ate two correlated variables, tneasured fr 
their respective arithmelio means. H the standard devi 1 
of each is unity and the co efficient of correlation b., 
tbe two ise, for what values of data the two vati ' 
.X** coa 0*Vy sm 9 , IT** sin 9+v co'v 9, unoottelaXed 
What ate the values of the standard deviations of the 
\affables A’ and Y 7 

10. The following table gives tbe results of cxpet 
on four varieties of a crop 10 5 blocks of plots 

Block 

_1 2 3 4 5 

n 34 33 35 37 

33 3 6 37 3 5 

34 35 32 36 

26 30 28 29 \ 


Vati'ty B 1 34 
cl 31 
oj 29 
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Prepare the table of analysis of variance to test the 
igmficatce of difference between the yields of the four 
irieties 

11 Write short notes on rt« 3 » Jour of the following — 

(o) Poisson's Distribntion. (6) Lexiao Ratio (cl 
o-efficient of contingency. (<f) Sheppard’s Corrections {«) 
[ethod of Moments {/i Fourier’s analysis and its applies* 
on to tune ecries 

B COM 1946 

STATISTICS 
Time allowed three boors. 

Maxitnum Marks 10l}« 

Answer hve questloos only of which at least two must 
t from Group A and two from Group B All Questions 
itry eqoal marks 

GROUP A 

1 Defioe Statistics and point out the mam difSctilties. 
lat B statistician has to face as compared with a physicist 
r chemist 

How will you classify s given commercial data ? 

2. It IS requited to estimate the total ccnsumplion of 
3od grains in the Punjab for euforcing a scheme of food 
atioDing. What statistical data should be collected for this 
irpose and how ? 

3 How would you use the method o! random samplmg 
n making an economic snrvey of villages in the Punjab ? 



235 


4- What IS the importaace of the census of 
and that of prodaction ? 

How will you orfranise those censuses in your o 
Province ? 

5 Write notes on three of the foilowisg giving exampt*' 

Probability Mode Tabulation Moving / 

Index numbers Regression 

Groxi* b 

6 The following table gives five yeatly percentage 
in Bombay Presidency under cotton and under food 
Calculate the co efficient of correlation between the a 
Biider cotton and the area under food crops — 


Teof 

Percentage ares 

Percentage 


under cotton 

under food 

1908 

38 5 

52 7 

1909 

38 5 

52*3 

1910 

38 6 

53 0 

1911 

37 8 

53 5 

1912 

391 

52 5 

1913 

3yS 

52*3 

1914 

38 0 

54 9 

1915 

38 4 

54 3 

1916 

38 8 

53 2 

1917 

39 2 

52 6 



Ant 
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7 The following table gives the population of Lucknow 
the time of the previous censuses — 


1891 

2,64,953 

1901 

2,56 239 

1911 

2,32,332 

1921 

2,17,167 

1931 

2,51,097 


Estimates the population of Lucknow for 1916 

Ant 221520 

8. The following table gives the d tail of monthly expen* 
are of thras families — 

•mi of Ex Famtly A Famtly B Famtly C 

fitndiiurt 

Rs a Rs a Hs a 

.od 12 0 30 0 90 0 

othmg 2 0 7 0 35 0 

ourenent 2 0 8 0 40 0 

lucatiou 1 8 3 0 12 0 

tigatiou 1 0 5 0 40 0 

iDventional nectssity 0 8 3 0 60 0 

iscellaneous 1 0 4 0 23 0 

Represent the above hgures by a suitable diagram 
hich family is spending the money most wisely ’ 

9 (a) Following are the group index numbers, and 

B group w“ights of an average working class family’s 
idget Construct the cost of living ind*x number by 
signing the given weights 





Group 

Index nutnbir for 
January 1943 

Weigh 

Food 

152 

48 

Fuel and lighting 

110 

6 

Clothing 

130 

8 

House-rent 

100 

12 

Miscellaneous 

90 

15 

(6) Calculate the • 

variance for the given : 

index nui ' 

(a). 

Ans 

129 73 . 49 


B A HONS. 

ECONOMICS PAPER HI OPTION (Ul) STATISTS 
Time aKowed : three hours 
Maximotn Marks 60. 

Attempt five questioos. atleast t«ro being from C 
and two frem Group B. All qoesUoos carry equal marks. 
GuouP A. 

1, ' The appltcatioo of sta.isiical methods ts e\teasi 
But tb«iT appltcatioa m ecooomic and social life 

mao to day most intimauly ' (Dr. btr Manabar Lai). 

Elucidate wjih illustratioas the above statement oo 
utility of giatislical methods lo the prestnt day 
and social conditions 

2. What IS the importance of graphic charts 
business statistics 7 What are (he various types of dtai^ 
chaits and graphs commonly used 7 What ptecaui 
should be taken in using pictorial or popular presentations 

3 What do you understand by skewness ? \V 
the various methods of its measuremest 7 Illustrate 
answer hy suitable example. 


4 \Vhat is the us“ of a cost of living Index number J 
Itrw IS It constructed ? Wbat are Its drawbacks ? 

i Write expiaaatory notes oo any three of the 
allowing — 

(i) Sampling 
(«) Statistical errors 
(fit) Lorenz curve 
(iv) Seasonal Auctuatioue 
(o) Chain base index numbers 
Group b 

6. Present the data given in the following paragraph 
■a the form of a table. <o as to bring out clearly all the facts. 
;0d>eatiog the source and bearing a suitable title 

According to tthe Ceoaus of Manufacturers Report ' 
*945 the John Smith Manufaclaring Company employed 400 
^t^on'unioo and 1250 union employees in 1941. Of these 220 
tvere females of which 140 were noD'Union. In 1942. the 
dumber of union employees increased to 1475 of which 1300 
here males Of the 250 dod*qdiod employees 200 were 
ibales Id 1943, 1700 employees were union numbers and 
110 were non union Of all the employees m 1943, 250 
vere females of which 240 were umon members. In 1944, 
}be total number of employees was 2000 of which one per 
^ ent. were noo uoioq. Of all the employees in 1944, 300 
I vere females cf which only 5 were ocq union 
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7. “Capital ” lodex of Indian cotton coosutophoo 
January 1944 to May 1945 is given below 


1944 

Index 

1944 

/«de* 

laonary 

157 S 

October 

154*2 

Febroaty 

156*1 

Movember 

165-9 

March 

158 9 

December 

162 6 

April 

148 1 

1945 


May 

153 3 

January 

163 1 

June 

1617 

Febroaty 

148 1 

July 

157 5 

March 

174 5 

August 

160 3 

Apnl 

158*9 

September 

161*2 

May 

165*9 

Represent 

the above 

data in tbe form of a 

' . 


aod indicate tbe .trend based on tbree-mootbly may’ 
average 

8 Compute tbe Standard Deviation and tbe co effic 
at variation from tbe following data of monthly wages p 
in a cotton factory — 

Wage grades , Nambcr of employees 

Rs t 


15—25 

7 

25—35 

102 

35—45 * 

in 

45—55 1 

360 

55—65 

159 

. 65—75 

33 

75—85 

13 

35—95 , 

U 

95—105 

0 

105—115 , 

4 

Total 1 

800 
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9 From the foHonmg record of marks obtained in 
{Economics fay a batch of 55 «tadents, indicate the value of 
the median and the modal marks 


12, 

17, 

18, 

20, 

20, 

24, 

25, 

28, 

30, 

30. 

33. 

33. 

33, 

33, 

33 

33. 

34, 

34 

35, 

35. 

36. 

37, 

38, 

40, 

40. 

40, 

42, 

44, 

45, 

45, 

48, 

48, 

48, 

48, 

48 

48. 

49 

50, 

SO. 

50 

51, 

52, 

53 

54. 

55, 

56, 

58. 

58, 


•iS, 

59 

61, 

62. 

64. 

65, 

68 






CERTIFICATE IN STATISTICS 1946 
Paper IL 

Time allovied three hours 
Maximum Marks 100 

Attempt five questions only at least two from each Groups 
All questions are of equal value 

Group A 

1 Write a note exolaioing the vations use's of Fieher’fr 
Z stati«tics 

Or 

* < ’ tests 

2 Explain the importance of * replication ‘randomisa- 
tion’ and ‘local control’ in aKncoltural field experiments, 
and mention some of the devices by which local control is 
achieved 

3 Write a short essay on the use of * Control charts ’ 
or on Ofiicial statistics m India 

4. It IS required to determine the percentage of literates 
IS your district Give any sample survey scheme to obtain 
be desired information 
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5 Define ‘ maltiple 'and partial correlation, and e'^plam 
■with illastratioos, the use of these statistical concepts. 

Group B 

6 Find by interpolation the misstag value is the follow* 
»ag table — 

Degree* o/ /yteviod Ooe j^tr ctni value of E 

3 5 8+1 

4 4 60f 

5 +'032 

5 

7 3 499 

8 3 355 

9 3 250 

7 Tbefarowias table gives the freqesncy distril 
o! expesditsre oa food per family per moatb amosg walking 
class familiss la two localities Fiod the mean and standard 
dsviatioa at both places, and test whether there is any real 
difference »o the expenditure oo food at these two places. 

Etpsndtture in Rt par monih ffttmber of Fatmhet 



Place A 

Place B 

3—6 

28 

39 

6—9 

292 

284 

9-12 

389 

401 

I^IS 

212 

202 

15~1S 

59 

48 

IS— 21 

18 

21 

21—24 

2 

5 
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8. J^lcakta the first lout motneots for the ftequeBcy 
distribution — 

ar 89 86 74 65 64 63 66 67 72 79 ' 

f 92 91 84 75 73 72 71 75 78 84 ^ 

9 From the following table showing the number of 
plants having certain characters, test the hypothesis that the 
flower colour is independent of flatness of leaf * 

Flat L,eavei Curled Service To^l 
White flowers 99 36 135 

Red flowers 20 5 25 

Total 119 41 160 

You may use the foUowing table giving tbe value of 
(cbi'Stiuare] for one degree of freedom, for different values 
of P. 

P 99 *95 *90 *50 *10 '05 

000157 *00393 0158 *455 2 706 3 841 

P 01 

6 635 

10. Set up a 
Plots 

1 
2 
3 


table of aualysis of variance for 
Vartefies 


200 

190 

240 


230 250 
270 300 
150 145 


300 

270 

180 
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TmES OF lOGARlTHMS, ANTI-LOGARITHMS, SQUj|RES; 

^ SQUARE ROOTS AND RECIPROCALS 

^be logarithm ol a namber consists of (l) lotegral 
pa^ known 35 cbaractoristic (2) Decimal part, known as 
Mantissa 


%Tbe table of Logarithms gives the Mantisas upto four 
places of dtcimals, for nnmbets of th«e digits, fot taad^ 
Tef«ence of the students To find the Mantissa of any 
given number, take the number approximately to three 
digfts and the table will give the approximate value. 
Mafetissa of a number will be ibe same irrespective of 
the position of the decimal point in it 

Hi more accuracy is reqaiied in tbe results, then five 
figure tables or sevct i^ u^tables should be used 

The characteristics are to be found as 

(1) When tti giten number is greater than 1, tbe 
characteristic will be positive and equal ton — 1, where n 
is tbs number 0 ! significant digits before the decimal 
point The characteristic in 514 98 is 2 and log 514’98 
? «2+’7U8«“2 7U8 nearly 

[7] When tbe given number is less than 1, the 
characteristic is negative and is greater by one than the 
number of zeros which follow tb» decimal point Tbe 
characteristic of C034 is 3 (negative) acd is written as 0 . 

For Anti-loganthms the*reverse of (V) and (2Late to 
be utilised. 

, Tbe number, from the Antilog tables, who'e log is 
1*6928 IS 49*32. 


Tables of Squares, 'etc., ate for numbers ap to ICO. 
For higher calculaticns tables such as Barlow’s Table*’ 
for square®, ftc which pne« for integrrs up to IZSOOmay 
be consulted. Calculalirg Machines like Facil, Brimsviga 
’can abo be used for rapid and heavy calorilations. ^ 
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LOGARITHMS-{«o«<^.) 
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7243 7251 1 7259 1 7267 I 7275 7284 7292 7300 j 7308 





760+ I i 



( P puM)— swHiiavool 
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250 



251 




252 



253 
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ANTI LOGARIIHMS-fconc/rf.) 



6457 6471 i 6486 6501 6516 I 6531 6546 6561 6577 6592 
6607 6622 ' 6637 6653 6668 1 6683 0699 6714 6730 6745 
6761 6776 I 6792 6808 6823 6839 6855 6871 6887 6902 
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ANII LOGARITHMS— teonrfrf) 
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SQUARES SQUARE ROOTS AND RECIPROCALS 


No 

Square 

Square 

root 

Reel 

ptocal 

No 

Square 

Square 

root 

Reel 

nrocal 


n* 

•/n 

I/.. 

”1 

fi* 

v'« 

l/« 




o 




p 

I 

1 

1 000 


26 

6 76 

5 099 

0384 

2 ^ 

4 

1 414 

5000 

27 

7 29 

5 196 

0370 

3 

9 

1 732 

3333 

28 

7 84 

5 291 

0357 


16 

000 

2500 

29 

8 4t 

5 383 

0344 

5 

25 

2 235 

20 0 

30 


5477 

0333 

6 

36 

2 449 

1666 

31 

9 61 

5 567 

0322 

7 

49 

2€4i- 
2 82$ 

- 1428 

32 

10 24 

5 656 

0312 

8 

64 

1250 

33 

10 89 

5 744 

0303 

9 

81 

3 000 

UM 

34 

11 ®6 

5 830 

0294 

10 

1 00 

3 162 

1000 

35 

12 25 

5 916 

0265 

11 

1 21 

3316 

0909 

36 

12 96 

6 000 

0277 

12 

144 

3 464 

0833 

37 

13 69 

6 082 

0270 

13 

1 69 

3 605 

0769 

38 

14 44 

6 164 

0263 

14 

1 96 

3 741 

0714 

39 

15 21^ 

. 6 244 

0256 

15 

2 25 

3 872 

0666 

40 

16 00 

6 324 

0250 

16 

2-56 

4 000 

0625 

41 

16 81 

6 403 

0243 

17 

2 89 

4 123 

0588 

42 

17 64^ 

6 480 

0238 

IS 

3 24 

4 242 

0555 

43 

18 49 

6 557 

0232 

19 

3 61 

4 358 

0526 

44 

19 36 

6«3 

0227 

20 

4 00 

4 472 

0500 

45 

20 '’5 

6 708 

0222 

21 

4 41 

4 582 

0476 

46 

21 16 

6 782 

0217 

22 

4 84 

4*530 

0454 

47 

22 09 

6 855 

0212 

23 

5 29 

4 795 

0434 

48 

23 04 

6 926 

0208 

24 

5 76 

4 898 

(KI6 

49 

24 01 

7 000 

0204 

25 

6 25 

5 000 


50 

25 00 

7 071 

0200 
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